m 

5> 
o 

CO 
CO 

o 

LJJ 



(19) 




Europaiaches Patentaml 
European Patent Otfice 
Office europeen des brevets 




(11) 



EP 0 330 191 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of tine grant of the patent: 
02.10.1996 Bulletin 1996/40 

(21) Application nunnber: 89103127.0 

(22) Date of filing: 23.02.1989 



(54) DNA encoding CD40 

CD40 kodierende DNA 
ADN encodant CD40 



(84) Designated Contracting States: 

AT BE CH DE ES FR GB IT LI LU NL SE 

(30) Priority: 25.02.1988 US 160416 

(43) Date of publication of application: 
30.08.1989 Bulletin 1989/35 

(60) Divisional application: 96104493.0 

(73) Proprietor: THE GENERAL HOSPITAL 
CORPORATION 
Boston, MA 021 14 (US) 

(72) Inventors: 

• Seed, Brian, Dr. 
Department ot Molecular Biology 
Boston, MA 021 14 (US) 

• Allen, Janet 
Boston, MA 021 16 (US) 

• Aruffo, Alejandro 
Belmont, MA 02178 (US) 

• Camerini, David 
Cambridge, MA 02108 (US) 

• Lauffer, Leander, Dr. 
Boston, MA 021 08 (US) 

• Oquendo, Carmen Patricia 
Boston, MA 02108 (US) 

• Simmons, David 
Boston, MA 021 14 (US) 



(51) lntCI.6: C12N 15/00 



• Stamen kovic, Ivan 
Brookline, MA 02146 (US) 

• Stengelin, Siegfried, Dr. 
D-6238 Hofheim am Taunus (DE) 

(74) Representative: Fischer, Hans-Jurgen, Dr. et al 
Hoechst AG 

Patent- und Lizenzabteilung 
Gebaude K 801 

65926 Frankfurt am Main (DE) 

(56) References cited: 
WO-A-88/00209 

• PROCEEDINGS OF THE NATL. ACADEMY OF 
SCIENCES USA, vol. 84, no. 10, May 1987, 
Washington, DC (US); B. SEED et al., pp. 
3385-3369 

• THE EMBO JOURNAL, vol. 6, no. 11, November 
1987, IRL Press Ltd., Oxford (GB); A. ARUFFO et 
al., pp. 3313-3316 

• PROCEEDINGS OF THE NATL ACADEMY OF 
SCIENCES USA, vol. 84, no. 23, December 1987, 
Washington, DC (US); A. ARUFFO et al., pp. 
8573-8577 

• NATURE, vol. 329, 29 October 1987; B. SEED, pp. 
840-842 

• LEUCOCYTE TYPING Ml, McMichael et al. (eds.), 
Oxford Univ. Press, 1987; pp. 306-307, 590 



Note: Within nine months from the publication of The mention ot the grant ot the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 750Q1 PARIS (FR) 



EP0 330 191 B1 



Description 

Background 

5 A basic tool in the field of recombinant genetics is the conversion of poly(A)- mRNA to double-stranded (ds) cDNA, 

which then can be inserted into a cloning vector and expressed in an appropriate host cell. Molecular cloning methods 
for ds cDNA have been reviewed, for example by Williams. 'The Preparation and Screening of a cDNA Clone Bank," 
in Williamson ed Henetic Encineerinq . Vol. 1 . p. 2. Academic Press. New York (1 931 ); Maniatis. -Recombinant DNA". 
in Prescott ed., Cell Biology . Academic Press. New York (1930); and Efstratiadis elaL, "Cloning of Double-Stranded 

10 DNA." in -QipIo At al . Genetic Enaingering , Vol. V p. 15, Plenum Press. New York (1979). 

A substantial number of variables affect the successful cloning of a particular gene and cDNA cloning strategy 
thus must be chosen with care. A method common to many cDNA cloning strategies involves the construction of a 
-cDNA library" which is a collection of cDNA clones derived from the total poiy(A)* mRNA derived from a cell of the 
organism of interest. 

15 A mammalian cell may contain up to 30.000 different mRNA sequences, and the number of clones required to 

obtain low-abundance mRNAs, for example, may be much greater Methods of constructing genomic eukaryotic DNA 
libraries in different expression vectors, including bacteriophage X , cosmids, and viral vectors, are known. Some com- 
monly used methods are described, for example, in Maniatis et_al . Molecular Cloning: A Laboratory Ma nual. Cold 
Spring Harbor Laboratory, publisher, Cold Spring Harbor, New York (1932). 

20 Once a genomic cDNA library has been constructed, it is necessary to isolate from the thousands of host cells the 

cell containing the particular human gene of interest. Many different methods of isolating target genes from cDNA 
libraries have been utilized, with varying success. These include, for example, the use of nucleic acid probes, which 
are labeled mRNA fragments having nucleic acid sequences complementary to the DNA sequence of the target gene. 
When this method is applied to cDNA clones of abundant mRNAs in transformed bactenal hosts, colonies hybridizing 

25 strongly to the probe are likely to contain the target DNA sequences. The identity of the clone then may be proven, for 
example by insity hybridization/selection (Goldberg eLaL. Methods EnzvmoL . 68:206 (1979)) hybrid-arrested trans- 
lation {Paterson elaL Proceedings of the National Academy of Sciences . 74:4370 (1977)). or direct DNA sequencing 
(Maxam and Gilbert, Proceedings of the National Academy of Sciences , 74:560 (1 977); Maat and Smith, Nucleic Acids 

Res , 5:4537 (1978)). . , , ^ ^ 

30 Such methods, however, have major drawbacks when the object is to clone mRNAs of relatively low abundance 

from cDNA libraries. For example, using direct in situ colony hybridization, it is very difficult to detect clones containing 
cDNA complementary to mRNA species present in the initial library population at less than one part in 200. As a result, 
various methods for enriching mRNA in the total population (e.g. size fractionation, use of synthetic oligodeoxynucle- 
otides, differential hybridization, or immunopurification) have been developed and are often used when low abundance 
35 mRNAs are cloned. Such methods are described, for example, in Maniatis elaL. Molecular Cloning: A Laboratory 
Manual , supra . 

Many functional eukaryotic proteins initially exist in the form of precursor molecules which contain leader or signal 
sequences at their N-terminal ends. These leader sequences bind to the cell membrane and draw the remainder of 
the protein through the lipid bilayer. after which the signal sequence is cleaved from the protein by a signal peptidase 

40 enzyme. The protein thus functions only after secretion from the cells (for example, insulin, serum albumin, antibodies, 
and digestive tract enzymes), or after the proteins have been anchored to the outer surface of a ceil membrane (for 
example, histocompatibility antigens). 

The cell surface antigens characteristic of mammalian T lymphocytes are additional examples of proteins that 
anchor to the cell surface. In mammals, certain cells derived from bone marrow mature into lymphocytes, which are 

45 present in the lymphoid organs, including the thymus, spleen, lymph nodes, and lymphoid aggregates, and also circu- 
late actively through the blood and lymph systems. Mature lymphocyte cells may be divided into two populations 
thymus-dependent (T) lymphocytes and thymus-independent (B) lymphocytes. T lymphocytes migrate to the interior 
of the thymus where they undergo differentiative proliferation. During their differentiation process, they express char- 
acteristic cell surface membrane alloantigens. including Thy-1 , TLA. gv-1 , Ly-1 . Ly-2. Ly-3, and Ly-5. As they mature. 

50 T lymphocytes lose the TLA antigens and some of the Thy-1 antigens, and gain histocompatibility antigens, acquiring 
the membrane conformation typical of the recirculating T lymphocytes. This is described, for example, by Mota, "Activity 
of Immune Cells," in Bier elal.. eds . Fundamentals of Immunology . 2d Ed., Springer-Verlag. Berlin, pp. 35-62 (1986). 

T lymphocytes are involved indirectly in the formation of antibodies and their activities thus have required complex 
analysis of cell function, rather than simple antibody tiler measurement. Partly due to this, their importance in devel- 

55 opment of immunologic competence was not recognized until relatively recently. Mature T lymphocytes synthesize and 
express an unique pattern of surface glycoprotein antigens which serve as markers for identification of different T 
lymphocyte subpopulations. including T helper cells. T suppressor cells, and T cytotoxic cells. Each of these subpop- 
ulations plays a very important role in regulating the immune system. (Mota. supra). 
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In humans, the functional and phenoiypic heterogeneity of T lynnphocytes is well accepted Two major subpopu- 
lalions are known; effector T cells mediating cellular immunity; and regulator T cells containing helper and suppressor 
T lymphocytes. These two subpopulations have been defined with heteroantisera, autoantibodies, and monoclonal 
antibodies directed at cell surlace antigens. For example, earlier in their development, human lymphoid cells in the 

5 thymus express an antigen designated Til which reacts strongly to a monoclonal antibody designated Cluster of 
Differentiation 2 (CD2), and react slightly with monoclonal antibody CDS to cell surface antigen Tl . During maturation, 
these cells lose Til (CD2) and acquire three new antigens defined by monoclonal antibodies CD4, CDS, and CD1. 
With further maturation, the thymocytes cease to express cell surface antigens reactive with monoclonal antibody CD1 
express the T3 antigen reactive with monoclonal antibody CDS, and then segregate into two subpopulations which 

10 express either T4 (CD4) or T8 (CDS) antigen. Immunologic competence is acquired at this stage, but is not completely 
developed until thymic lymphocytes migrate outside the thymus. (IViota, supra .) In contrast with the majority of thymo- 
cytes, circulating T lymphocytes express the Tl (CDS) and T3 (CD3) antigens. The T4 (CD4] antigen is present on 
approximately 55-65% of peripheral T lymphocytes, whereas the T8 (CDS) antigen is expressed on 20-30%. These 
two subpopulations correspond to helper and to suppressor and cytotoxic T cells, respectively 

15 In addition to providing a convenient means of distinguishing T lymphocyte subpopulations, these cell surlace 

antigens are important for mature T cell activation and effector function, T cell activation involves a complex series of 
cell surface interactions between the T cell and the target cell or stimulator cell in addition to binding of the T cell 
receptor to its specific antigen. 

For example, CD2, the human T cell erythrocyte receptor, allows thymocytes and T-lymphocytes to adhere to 

20 target cells (e.g., erythrocytes) and to thymic epithelium. This occurs via a specific molecular ligand for CD2, designated 
LFA-3, in humans, which is a widely distributed surface antigen. This phenomenon has long been employed to detect, 
assay and purify human cells producing antibodies to sheep erythrocytes and serves as the basis for the E-rosette 
test, first described by Zaalberg, Nature , 202 :1231 (1964). CD2/LFA-3 interactions also have been shown to mediate 
cytolytic target conjugation (Shaw et al. . Nature , 323 :262-264 (1986). and the mixed lymphocyte reaction (Martin et 

25 at., J. Immunol. . 131 :180-185 (1983). Anti-CD2 monoclonal antibodies can directly activate peripheral T-lymphocytes 
via an antigen-independent pathway (f\/1euer et al. , Cell , 36 :897-906 (1984), indicating an even wider immunoregulatory 
role for CD2. 

Recognition that T lymphocytes are the main effectors of cell-mediated immunity and also are involved as helper 
or suppressor cells in modulating the immune response has resulted in a significant contribution to the increasing 

30 practical application of clinical immunology to medicine. The scope of this application includes defense against infec- 
tions, prevention of diseases by immunization, organ transplantation, blood banking, deficiencies of the immune sys- 
tem, and a variety of disorders that are mediated by immunologic mechanisms. Moreover, immunologic techniques 
frequently are used in the clinical laboratory, as in the measurement of hormones and drugs. Clinical immunology is 
described, for example, in Weir, ed., Handbook of Experimental Immunology in Four Volumes: Volume 4: Applications 

35 of Immunological Methods in Biomedical Sciences , 4th Ed., Blackwell Scientific Publications. Oxford (1 986); Bogusiaski 
et al. . eds., Clinical Immunochemistry: Principles of Methods and Applications , Little, Brown & Co.. Boston (1984); 
Holborow et al. , eds., Immunology in Medicine: A Comprehensive Guide to Clinical Immunology , 2d Ed.. Grune & 
Stralton, London (1983); and Petersdorf et al. . eds., Harrison's Principles of Internal Medicine . 10th ed., McGraw-Hill. 
New York, publisher, pp. 344-391 (1983). Clearly, a more thorough understanding of the proteins which mediate the 

40 immune system would be of significant value in clinical immunology. 

Use of mammalian expression libraries to isolate cDNAs encoding mammalian proteins such as those described 
above would offer several advantages. For example, the protein expressed in a mammalian host cell should be func- 
tional and should undergo any normal posttranslational modification. A protein ordinarily transported through the in- 
tracellular membrane system to the cell surface should undergo the complete transport process. A mammalian ex- 

^5 pression system also would allow the study of intracellular transport mechanisms and of the mechanism that insert 
and anchor cell surface proteins to membranes 

One common mammalian host cell, called a "COS" cell, is formed by infecting monkey kidney cells with a mutant 
viral vector, designated simian virus strain 40 (SV40), which has functional early and late genes, but lacks a functional 
origin of replication. In COS cells, any foreign DNA cloned on a vector containing the SV40 origin of replication will 

50 replicate because SV40 T antigen is present in COS cells. The foreign DNA will replicate transiently, independently of 
the cellular DNA. 

With the exception of some recent iymphokine cDNAs isolated by expression in COS cells (Wong, G.G., et al. , 
Science, 228:810-815 (1985); Lee, F. et al. . Proceedings of the National Academy of Sciences, USA , 83:2061-2065 
(1986); Yokota, T. et al. , Proceedings of the National Academy of Sciences. USA , 83.5694-5898 (1986); Yang, Y., et 
55 aL, Cell , 47:3-10 (1986)). however, few cDNAs in general are isolated from mammalian expression libraries There 
appear to be two principal reasons for this: First, the existing technology (Okayama, H. et al. , Mol. Cell. Biol. . 2:161-170 
(1 982)) for construction of large plasmid libraries is difficult to master, and library size rarely approaches that accessible 
by phage cloning techniques. (Huynh. T et al. . In: DNA Cloning Vol. I, A Practical Approach . Glover. D.M. (ed.), IRL 
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Press Oxford (1985). pp. 49-78). Second, the existing vectors are, with one exception (Wong G-G-. eLgL. Science 
226^ ;o-B15 ( 985)) poorly adapted for high level expression, particular^ in COS cells. The reported successes w th 
gphokinl col'do notLpl/a general fitness of the methods used, since these cDNAs a- Pa;.c^aHy^-y to 
isolate from expression libraries. Lymphokine bioassays are ve^ sensitive ^^'^'^if^^^^^^^^^ 
ngssVLee Fetal D^~-^^H.n n. nf ths National Acade my of Sciences, USA, 83:2061-2065 (1986), '^°'^°'a T. gLgj. 
Ll^Ll^..'.,S-ational A.l.mv of Sciences, US^ IsliiZliiM^S); ^^^^^^J^f F et a ' 
and the mRNAs are typically both abundant and short (Wong, G.G.etaL, Science, 229.310-815 (1985), Lee, F, e^. 
TJTJ^^ll mLJ ^^^h.^. ..iencas. USA. 8_3:2061 -2065 9^6), Yoko.a T ^ 
National Academy of Sciences. USA . 83:5894-5398 (1986); Yang, Y.. etat, Cdl. 4Z:3-10 (1936)). 

Thus expression in mammalian hosts previously has been most frequently empbyed solely as a means of van lying 
the identrty of the protein encoded by a gene Isolated by more traditional cloning methods. For example Stuve^, 
J V^l 61 (21 327-335 (1 987), cloned the gene for glycoprotein gB2 of herpes simplex type II strain 333 by plaque 
tSfza^f Ml 3-based recombinant phage vectors used to transform competent^ JM1 01 . The identity of the 
proterencoded by the clone thus isolated was verified by transfection of mammalian COS and Chinese hamster ovary 
(CHOI cells Expression was demonstrated by immunofluorescence and radioimmunoprecipitation. 
^ Oshima et al, used plaque hybridization to screen a phase lambdagtH cDNA library for the 9ens encoding hu^an 
placental bei^ucuronidase. Oshima eial. Proceedings of the National Academy of Sciences, U.S.A.. §4-635^699 
(1 987). The identity of isolated cDN A clones was verified by immunoprecipitation of the protein expressed by COS-7 
cells transfected with cloned inserts using the SV40 late promoter. 

Transient expression in mammalian cells has been employed as a mearis of '^^'"'"'^^^'^^ ^^^^^^^^ 
viously isolated by other screening methods. G^^aldmiL. JournalolGen^r^^ 

zie .in„rn;,l of BioloQk:al Chemistry , 26jl:14112-U117 (1986): Self eLat, Gene, 43:1111-1121 (1986). Orkin eLaL^ 
Mn'..n.„l.r .nd Cellular Biology . 5(4):762-767 (1985). These methods often are i"^"''^'^"';"^ '"^""^^^^ 
multiple rounds of screening to identify tull-length or overlapping clones. Prior screening methods based upon expres 
sion of fusion proteins are inefficient and require brge quantities of monoclonal antibodies. Such drawbacks are com^ 
pounded by use of inefficient expression vectors, which result in protein expression levels that are inadequate to enable 
efficient selection. 



Summan/ of the invention 

By means of the cloning method of the present invention, isolation and molecular cloning of the cell surface antigen 
CD40 has been accomplished . The nucleotide sequence of the gene cloned by the method of the present invent^n 
has been determined and the amino acid sequence of the encoded protein has been identified. The cloned gene CD40, 

is also the subject of the present invention. 

Once the gene encoding an antigen has been cloned according to the method of the present invenlK^n. that gene 
can be expressed in a prokaryotic or a eukaryotic host cell to produce the encoded protein or P°«;°" ^^^^^f ^"J^ 
stantially pure form such as it does not exist in natu re. Another aspect of the present invention relates to the substantially 
pure cell surface antigen. The primary amino acid sequences of the CD40, antigen has been determined. 'nvention 
thus also relates to the amino acid sequences of the antigen and to the nucleotide sequences encoding the anugen^ 

40 The purified gene and protein of the present invention is useful for immunodiagnost.c and immunotherapeu ic 

applications, including the diagnosis and treatment ol immune-mediated infections, diseases, and ^"'i:^^^^^ 
including humans. It can also be used to identify isolate and purify other antibodies and antigens. Such diagnostic and 
therapeutic uses comprise yet another aspect of the present invention. Moreover, the substantially pure protein of the 
present invention may be prepared as medicament or pharmaceutical composition for therapeutic administration. The 

IS present invention further relates to such medicaments and compositions. 



50 



ss 



Brief Description of the Drawings 



Finnrft 1 Nucleotide sequence of expre ssion vector piH3 , . ^, .u e n 

Nucleotkies 1 -589 are derived from pMBl origin (pBR322 ori); nucleotides 590-597 are derived from the SacM 
linker (ACCGCGTV nucleotides 598-799 are derived from the synthetic tyrosine suppressor tRNA gene (supP 
qenel nucleotides 800-947 are derh/ed from a remnant of the ASV LTR fragment (Pvull to Mlul); nucleotides 
948-1500 are derived from the human cytomegalovirus AD169 enhancer; nucleotides 1501-1650 are denved from 
HIV TATA and tat-responsive elements; nucleotides 1651-1716 are derived from the piLNXAN polylinker (Hindlll 
to Xba) nucleotides 1717-2569 are derived from pSV to splice and poly-Addition signals; nucleotides 2570-2917 
ar^d^rived from the SV40 origin of replicatbn (evull to (Hindlll) ; and nucleotides 2918-2922 are derived from 
piVX, remnant of R1 site from polylinker. 



4 



EP 0 330 191 B1 



Piniirp'^ D^^triMinn man nt t he CDMS expre ssiop vector 

^ The CDM8 vronncludes a delated version ot a muta nt polyoma v,rus ear^ region selected .or h,gh efficency 
exoression in both murine and monkey cells. Substantially all of the human immunodef.ciency promoter region 
haS blen Replaced with the cognate sequences ot the human cytomegalovirus immedete early promoter, and by 
Susbn ot a bacteriophage T7 promoter between the eukaryotic promoter and the site of cDNA insertion. Arrows 
indicate the direction of transcription. 



10 sites are shown. 



dir-i.Ta Mnripntidft seouence o1 the piH3M vector 

There are 7 segments. Residues 1-587 are fro m the pBR322 origin of replication 568-1162 Irom the M13 
^rinin i is3 1 384from the supF gene, 1385-2238arefromthe chimericcytomegalovirus/human immunodeficiency 

S promot^ 2239-2647 a^e from the replaceable fragment, 2648-3547 from plasmid pSV2 (splice and polya- 

denylation signals), and 3548-3900 from the SV40 virus origin. 

Figure 17. Nucleotide sequence ot CD40 

20 Detailed Description nf the Invention 

This invention relates to a novel method for cloning cDNA encoding a cell surface antigen and to a method of 
oonstructinq cDNA libraries. It also relates to particular cDNA expression vectors and components thereof nucleotide 
sequences oJgenes isolated by the method, substantialV pure cell surface antigens encoded by the cDNA segments, 
25 and methods of using the isolated nucleotide sequences and encoded products, 

m the lollowing description, reference will be made to various methodologies known to those ot sk^l in the art of 
recombinant genetics. Publications and other materials setting forth such known methodologies to which reference is 
made are incorporated herein by reference in their entireties, r^-„„„ll i 

Standard reference works setting forth the general principles of recombinant DNA technology include Darnell, J. 
.0 E . ySt.,.lar cell Biology , Scient^ic American Books, Inc.. publisher. New York. N.Y (1986); Lewin, B.M^ 

ll ':i^ Wiley & Sons, publisher. New York, N.Y (1985); Old. R.W. eUL. Principles of Gene Manipulation: An Intro- 
i.°.n.nrJn.,lcgnaineerinq, 2d edition. University of California Press, Berkeley CA (1981): and Man.atis, T etaL. 
Mr>ipniiiaf CinnI nQ: A Laboratoiv Manual , Cold Spring Harbor, NY (1982) 

Bv-cloninq-ismeanttheuseofjnvitro recombination techniques to insert a particular gene or other DNA sequence 

35 into a vector molecule. In order to successfully clone a desired gene, it is necessaiy to employ rnethods 9J^fa';"9 
DNA fragments, for joining the fragments to vector molecules, for introducing the compos.e DNA molecule into a host 
cell ,n which it can replicate, and for selecting the clone having the target gene from amongst the rec'P'^"* ^^'^^ 
By "CDNA- is meant complementary or copy DNA produced from an RN A template by the action of RNA<iependant 
DNA polymerase (reverse transcriptase). Thus a "cDNA clone" means a duplex DNA sequence complementary to an 
40 RNA molecule of interest, carried in a cloning vector r,MA v^oon. ...hinh tnnpthpr 

Bv "cDNA library" is meant a collection of recombinant DNA molecules containing cDNA inserts which together 
comprise the entire genome of an organism. Such a cDNA library may be prepared by art-recognized rnethods de- 
scled for example in >.^-~:^>.^ K^nip.„i.r r.innino- A Laboratory Manual, supra. Generally. RNA is first isolated 
from the cells of an organism from whose genome it is desired to clone a particular gene. Preferred for the purposes 
4S of the present invention are mammalian, and particularly human, cell lines. More preferred are the human tu-rior cen 
line HPB-ALL and the human lymphoblastoid cell line JY Alternatively. RNA can be isolated from a tumor cell, der^ed 
from an animal tumor, and preferably from a human tumor Thus, a library may be prepared from, for example, a human 
adrenal tumor, but any tumor may be used. hma i,hr=rv hv 

The Immunoselection cloning method of the present invention compnses the preparation ot a cDNA Library by 
50 extracting total RNA including a particular gene from a cell, synthesizing a series of complementary double^ randed 
CDNA fragments Irom the RNA and introducing these cDNA fragments into mammalian cells in t ssue culture. The 
mammalian cells are maintained under conditions which allow them to express the protein (i.e. the eel surf ace antigen). 
The resulting cells are exposed to a first antibody or pool (group) of antibodies directed against the cell surface ant gen. 
This resultsln formation of a cell surface antigen-first antibody complex. The complexes are exposed to a substrate 
55 ,0 which is coated or bound a second antibody directed against the first antibody Cells expressing the cell surface 
antigen adhere to the substrate (because of formation of a cell surface antigen-first antibody-second antibody complex). 
Adherent cells are separated from non-adherent cells. 
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Isolation of total RNA 
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The quanidium thiocyanate/CsCI melhcxJ of isolating total RNA is preferred. More preferred is a guanidium thio- 
cvanate/LiCI variant of the GuSCN/CsCI method, which has added capacity and speed. BneHy, for each ml of mix 
SesSd 0 so G Sn are dissolved in 0.58ml of 25% LiCI (stock filtered through 0.45 micron filter) and 20ul of mer- 
captoethanol .s added. Cells are spun out and the pellet is dispersed on walls by flicking, add 1 ml of so ution to up to 
5 X 107 cells The resulting combination is sheared by polytron until nonviscous. For small scale preps (less than 10^ 
cells) layer 2ml of sheared mix on 1 .5ml of 5.7M CsCI (RNase free; 1 .26 g CsCI added to ^^ery ml of lOmM EDTA pH 
3) overlay with RNase-free water and spin SW55 SOkrpm 2h. For large scale preps, layer 25ml of 12ml CsCI ,n a 
SW28 tube overlay and spin 24k rpm Sh. Aspirate contents carefully with a sterile pasteur pipet connected toa yacuunn 
flask once past the CsCI interface, scratch a band around the tube with the pipet tip to prevent the layer on the wa 
of the tube from creeping down. The remaining CsCI solution is aspirated. The pellets are taken up in water (do not 
trv to redissolve) 1/10 vol NaOAc and 3 vol. EtOH are added and the resulting combination is spun. If necessary the 
pellet is resuspended in water (e g., at 70"). Adjust concentration to img/ml and freeze. Small RNA (e.g. 5S) does not 
Some down. For small amounts of cells, scale down volumes and overlay GuSCN with RNase-free water on gradient 
(precipitation is inefficient when RNA is dilute). 

Preparation of poly A* RNA 

Next polyA- RNA may be prepared, preferably by the oligo dT selection method. Briefly, a disposable polypropyl- 
ene column is prepared by washing with 5IVI NaOH and then nnsing with RNase-free water. For each milligram tola 
RNA about 0.3 ml (final packed bed) oligo dT cellulose is used. Oligo dT cellulose is prepared byre«"JPfnd'ng about 
0 5 ml of dry powder in 1 ml of 0.1 M NaOH and transferring it into the column, or by percolating 0.1 NaOH throi^gh a 
previously used column (columns can be reused many times). This is washed with several column volumes of RNase- 
free water until pH is neutral, and rinsed with 2-3 ml of loading buffer. The column bed is then removed into a sterile 
15ml tube using 4-6 ml of loading buffer. The total RNA to 70-C for 2-3 min., LiCI from RNase-free stock 's added (to 
0 5M), and combined with oligo dT cellulose in a 1 5 ml tube. This is followed by vortexing or agitation 10 m,n. The 
result is poured Into a column and washed with 3 ml loading buffer and then 3 ml of middle wash buffer. mRf^A .s eluted 
directly into an SW55 tube with 1 .5 ml of 2mM EDTA, 0.1% SDS; the first two or three drops are discarded. 

Eluted mRNA is precipitated by adding 1/10 vol. 3M NaOAc and filling the tube with EtOH. This is then rnixed, 
chilled for 30 minutes at -20-C. and spun at 50k rpm at 5»C for 30 min. The EtOH is poured off and the tube is air dned 
The mRNA pellet is resuspended in 50-100ul of RNase-free water. Approximately 5 ul is melted at 70 in IWIOPS/EDTA/ 
formaldehyde and run on an RNase-free 1% agarose gel to check quality. 



35 cDNA Synthesis 

From this, cDNA is synthesized. A preferred method of cDNA synthesis is a variant of that described by Gubler 
and Hoffman, (Gene 25:263-269 (1982)). This is carried out as follows: 

40 a First Strand 4 ug of mRNA and heated to about 1 0O'C in a microf uge tube for 30 seconds and quenched on 

ice The volume is adjusted to 70 ul with RNase-free water. The following are added: 20 ul of RT1 buffer, 2 ul of 
RNAse inhibitor (Boehringer 36 u/ul), 1 ul of 5 ug/ul of oligo dT (Collaborative Research), 2.5 ul of 20 mM dXTP s 
(ultrapure), 1 ul of 1 M DTT and 4 ul of RT-LX (Life Science, 24 u/ul). The resulting combination is incubated at 
42''C for 40 min. It is heated to inactivate (70°C 10 min). ,\ 

45 b Second Strand 320 ul of RNAse free water, 80 ul of RT2 buffer, 5 ul of DNA Polymerase I (Boehnnger, 5 U/ul) 

2 ul RNAse H (BRL 2 u/ul). Incubate at 15»C for 1 hr and 22°C for 1 hr. Add 20 ul of 0.5M EDTA pH 6 0, phenol 
extract and EtOH precipitate by adding NaCI to 0.5M, linear polyacrylamide (carrier) to 20ug/ml, and filling tube 
with EtOH. Spin 2-3 minutes in microf uge, remove, vortex to dislodge precipitate high up on wall of tube, and respin 

so I Adaptors Resuspend precipitated cDNA in 240 ul of TE (10/1). Add 30 ul of lOx low salt buffer, 30ul of lOX low 

salt buffer 30ul of 10X ligation additions, 3ul (2.4ug) of kinased 12-mer adaptor, 2ul (I .Sug) of kinased 8-mer 
adaptor andl ul of T4 DNA ligase(BioLabs. 400 u/ul, or Boehringer, 1 Weiss unit/ml) Incubate at 15°C overnight. 
Phenol extract and EtOH precipitate as above (no extra carrier now needed), and resuspend in 100 ul of TE. 

ss tJse of cDNA fragments in expression vectors 

For use with the BstXI-based cDNA expression vectors of the invention, (see infra) oligonucleotide segments 
containing terminal sequences corresponding to BstXl sites on the vectors are ligated to the cDNA fragment desired 
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to be inserted. The resulting fragments are pooled by fractionation. A preferred ["^^ho^^^as (dlow^^ 

Prepare a 20% KOA 2mM EDTA, 1 ug/ml EthBr solution and a 5% KOAc. 2mM EDTA. 1 ug/mlg EthBr solution. 
Add 2 6 ml of 20% KOAc solution to back chamber of a small gradient maker. Remove air bubble from tube connecting 
the two Chambers by allowing solution to flow into the front chamber and then tilt back. Close passage between cham- 
bers and add 2 5ml of the 5% solution to the front chamber If there ,s liquid in the tubing from a previou run allow 
the 5% solution to run just to the end of the tubing, and then return to chamber. Place the apparatus on a st.rplate se 
the stir bar moving as fast as possible, open the stopcock connecting the two "^/^'^'^^'^^^^^^^Jj.;" °P^" 
stopcock Fill a polyallomer SW55 tube from the bottom with the KOAc solution Overlay the grad en with 100 ul of 
dSa olution Prepare a balance tube and spin the gradient for 3 hrs at 50k rpm at 22-C. To collect frac lons from 

i the qradien. pierce the SW55 lube with a butterfly infusion set (with the luer hub clipped off) close to the bottom of the 
and coiL three 0 5ml fractions and then 6 0.25ml fractions into microf uge tubes (about 22 and 11 drops respec- 
v4 EtoZecipi.^^^^ the tractions by adding linear polyacrylamide to 20 ug/ml and filling the tube ^o^^^P^^ 
EtOH After cooling tubes, spin them in a microfuge for 3 min. Vortex and respin 1 min. Rinse pellets with 70 /o EtOH 
frSirOo not dr? to completion. Resuspend each 0.25ml fraction in 10 ul of TE. Run 1 ul on a 1% agarose minigel 

; Pool the first three fractions, and those of the last six which contain no material smaller than Ikb. 

Suppressor tRNA plasmids may be propagated by known methods. In a preferred method according to the presen 
invention supF plasmids can be selected in nonsuppressing hosts containing a second plasmid, p3, which contains 
amber mutated ampicillin and tetracycline drug resistance elements (Seed, 1 983). The p3 plasmid is derived from PR1 
TsTkbTn length and is a stably maintained, single copy episome. The ampicillin resistance of this plasmd reveres at 

. a high rate so that amp^ plasmids usually cannot be used in p3-containing strains. Selection for tet resistance alone 
fs almcit as good! section for ammp.tet res^.ance. However, spontaneous appearance of chromosomal suppres^ 
sor tRNA mutations presents an unavoidable background (frequency about 10-9) in this system. Colonies arising from 
spontaneous suppressor mutations are usually bigger than colonies arising from plasmid transfonriatiori. Suppressor 
plasmids typically are selected for in LB medium containing amp at 12.5 ug/ml and tet a, 7.5 ug/ml. For large plasmid 

5 preps, M9 casamino acids medium containing glycerol (0.8%) may be used as a carbon source, and the bacteria grown 

'° ^ VeSo° DNA may be isolated by known methods. The following method is preferred for plasmid from 1 liter of 

'^'"J^dotn cells in 1 liter J6 bottles, 4.2k rpm, 25 minutes. Resuspend in 40 ml lOmM EDTA pH 8 (Thump on soft 

0 surface) Add 80 ml 0 2M NaOH. 1% SOS, swirl until clearish, viscous. Add 40 ml 5M KOAc, pH4.7 (2.5M KOAc, 2 5M 
HOAO shake semi-vigorously (until lumps are 2-3 mm in size). Spin (same bottle) 4.2 rpm, 5 min. Pour supernatant 
through cheesecloth into 250 ml bottle. Fill bottle with isopropyl alcohol. Spin J6, 4.2k rpm, 5 min. Drain bottle, nnse 
aentiv with 70% EtOH (avoid fragmenting the pellet). Invert bottle, and remove traces of EtOH with Kimwipe. Resuspend 
?n sSths base/S 20mM/1 OmM. Add 3.75 ml of resuspended pellet to 4.5g CsCl. Add 0.75 ml 1 0/mg/ml eth^iium 

15 bromide, mix. Fill VTOO tubes with solution. Run at a speed of 80 rpm for 2,5 hours or longer ^'^ract bands by visible 
light with 1 ml syringe and 20 gauge or lower needle. Cut top off tube, insert the needle upwards into the tube at an 
angle of about 30" with respect to the tube, (i.e.. as shallowly as possible) at a position about 3mm beneath the band, 
with the bevel of the needle up. After the band is removed, pour lube contents into bleach. Deposit extrac^d bands 
in 13 ml Sarstedt tube Fill tube to top with n-butanol saturated with 1 M NaCl, extract. If a very large quantity of DNA 

>o is Obtained, reextraC. Aspirate butanol into trap containing 5M NaOH (to 

^M ammonium acetate to DNA (squirt bottle). Add about 2 volumes 95% ethanol (squirt bottle). Spin 10K rpm, 5 min. 
J2-21 Rinse pellet carefully with 70% ethanol. Dry with swab, or lyophilizer 

The vector may be prepared for cloning by known methods. A preferred method begins with cutting 20 ug of vector 
in a 200 ul reaction with 100 units of BstXI (New York Biolabs). cutting at 50-C overnight in a well-thermostalted wafer 

« bath (i.e., circulating water bath). Prepare 2 KOAc 5-20% gradients in SW55 tubes as described above. Add 100 ul of 
the digested vector to each tube and run for 3 hrs, 50K rpm at 22'C Examine the tube under 300nm UV light The 
desired band will have migrated 2/3 of the length of the tube. Forward trailing of the band means the gradient is over- 
loaded Remove the band with a 1 ml syringe and 20 gauge needle. Add linear polyacrylamide and precipitate the 
plasmid by adding 3 volumes of EtOH. Resuspend in 50 ul of TE Set up ligations using a constant amount of vector 

so and increasing amounts of cDNAs. On the basis of these trial ligations, set up large scale ligation, which can be ac- 
complished by known methods. Usually the entire cDNA prep requires 1-2 ug of cut vector. 

Adaptors may be prepared by known methods, but rt is preferred to resuspend crude adaptors at a concentration 
of 1 uq/ul add f^gSO. to 10 mM, and precipitate by adding 5 volumes of EtOH. Rinse with 70% EtOH and resuspend 
in TE at a concentration of 1 ug/ul. To kinase take 25ul of resuspended adaptors, add 3ul of 10X kinasing buffer and 

55 20 units of kinase: incubate 37'C overnight. . , 

Preparation of buffers mentioned in the above description of preferred methods according to the present invention 
will be evident to those ol skill. For convenience, preferred buffer compositions are as follows; 
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Loading Butter: 0.5 M LiCl. lOmM Tris pH 7.5. ImM EDTA 0.1% SDS. 

Middle Wash Buffer 0.15 M LiCl. 10mM Tris pH 7.5, ImM EDTA 0,1% SDS. 

. gyf^gr; 0 25 M Tris pH 8.3 (3 2 at 42^), 0.25 M KCl . 30 mM MgClg. 

Buffer: 0-1 ^ ^^'^^ ^5 mM MgCIa, 0-5 M KCl. 0.25 mg/ml BSA, 50 mM DTT. 

10X Low Salt 60 mM Tris pH 7.5. 60 mM MgClg, 50 mM NaCI. 2.5 mg/ml BSA 70 mM Me. 

10X Ligation l^nM ATP. 20 mM DTT. 1 mg/ml BSA 10 Additions' mM spermidine. 

10X Kinasing 0 5 M Tris pH 7.5, lOmM ATP. 20mM Buffer: DTT. 10 mM spermidine, 1 mo/ml BSA 

100 mM MgCl2. 

" Bv "vector" is meant a DNA molecule, derived from a plasmid or bacteriophage. Into v^hich fragments of DNA may 

be inserted or cloned. A vector will contain one or more unique restriction sites, and may be capable of autonomous 
replication in a defined host or vehicle organism such that the cloned sequence ,s reproducible. Thus, by DNA ex- 
press^ vector" is meant any autonomous element capable of replicating in a host independently of the host s chro- 
mosome, afSr additional sequences of DNA have been incorporated into the autonomous element s genome. Such 
HNA exoression vectors include bacterial plasmids and phages. ^ . , 

Preferred for the purposes of the present invention, however, are viral vectors, such as those derived from s,m,an 
virus strain 40 (SV40) SV40 is a papovavirus having a molecular weight of 28 Mdal, and containing a circular double- 
TandlTSS mollcule having a molecu^r weight of 3 Mdal, which comprises the entire genome of the v.rus. The 

25 entire nucleotide sequence of this single, small, covalently closed circular DNA molecule has been determined Fiers 
et a NaJt^e 273 11 3-120 (1978); Heddy etaL, Saence 200:494-502 (1978). The viral DNA of SV40 may be obteined 
Sgl^Sfng and the genomic regioT^esponsible for various viral functions have been a— 
respect to a detailed physical map of the DNA. Fiers etaL, su£ra; Reddy etal, suEIg. The viral genome of SV40 can 
rSuEiply vegetatively or as an integral part of cellular chromosomes, and a wealth of information exists on the replication 

30 and expression of this genome. ^u;«i« ^«c. 

Also preferred for the purposes of the present Invention is a single-stranded bacteriophage cloning vehicle des- 
ignated Ml 3 having a closed circular DNA genome of approximately 6.5 kb. An advantage of utilizing Ml 3 as a cloning 
S is hat the phage panicles released from infected cells contain single-stranded DNA homologous to only one 
of SJelwo complementary strands of the cloned DNA. which therefore can be used as a template for DNA sequencing 

""^ Evi more preferred for the purposes of the present invention are the expression vectors designated piH3_ piH3M, 
and CDMB. deposited at the American Type Culture Collection (ATCC), 12301 Parklawn Dnve, Rockv.lle^ I^D 20852^ 
on February 24, 1 988, in E. coli piH3 has accession number ATCC 67,634, piH3M has accession number ATCC 67.633 

and CDM3 has accession number ATCC 67,635. ,,.Hi,«r rim^. 

By "tissue culture" is meant the maintenance or growth of animal tissue cells inyitro so as to allow f urthe d ffer- 
entJon and preservation of cell architecture or function or both "Primary tissue cells" are those taken direc 'y 'ro^^ 
a population consisting of cells of the same kind performing the same function in an °^9a"'«'^ ,.^^^^''"9 '^^l 
cells with the proteo^tic enzyme trypsin, for example, dissociates them into individual pnma^ tissue cells that grow 
well seeded onto cuire plaL at high densities. Cell cultures arising from multiplication of Pnmary ce Is in t. ue 

as culture are called "secondary cell cultures." Most secondary cells divide a finite number of ^"^f f ^^.^^^ 
s condary cells, however, may pass through ,h,s "crisis period", after which they are able to rr,ul.iply '"del "'^'V '° '^^^^ 
a continuous "cell line." Cell lines often will contain extra chromosomes, and usually are abnormal in other respects 
as well The immortality of these cells is a feature shared in common with cancer cells. 

Preferred cell lines for use as tissue culture cells according to the present invention include the monkey kidney 

so cell line designated "COS.- COS cells are those that have been transfomied by SV40 DNA containing a functional 
earl gene re'g'n but a defective origin of viral DNA replication. COS cell clone M6 is particularly pre^^rrad for use 
according to the method of the invention. Also preferred for the purposes of the present invention are WOP 
cells which are NIH 3T3 cells transfected with polyoma origin deletion DNA. cDNA may be introduced into the host 
tissue culture cells of the present invention by any methods known to those of skill. Transfection may be accomplished 

ss by, for example, protoplast fusion by spheroplast fusion, or by the DEAE dextran method (Sussman etat. C^Bdl 

^^iTspheroJa^'Iision is employed, a preferred method is the following variant based on Sandri-Goldrin eLaL. M2L 
Cell Bio 1:743-752 (1981). Briefly lor example, a set of six fusions requires 100 ml of cells in broth Grow cells con- 



8 



EP 0 330 191 B1 



10 



15 



20 



D Bin well, resuspend pellet in bottle j;^^°J^3??c\:aterbath). Place on ice, check percent convers,on to sphe 
2 ml cold 0.25M EDTA pH 8.0, '"^"'^^'^ L jcold DME 10% sucrose/IOmM MgCl^ (dropwise, ca^ 2 drops 

fop lasts by microscopy. In flow hood, slowly ^^tf^^l^^J^^Zr. dishes (50% confluent). Add Srr^l of spharoptes 

PEG 145?) of contact with the PEG solution, P'^f JJ'T ^atf Repe -ash Add 3ml of DME/10% serum 

win be swept radially by the DME. Tilt the ^'f f f,',!,^^ ^"^^.i^^ Ren^ove media and remaining bacterial sus- 

the layer to come off in the complete medium at 37 a p^,,i,g approximate 

The PEG solution can be conveniently prepared by melting « 'J^^n ° p^Q ,3 stored at 5'C in the 

50 J. a iqu 's b means of a 50 ml centr.uge tube '"^^^P^^f ^^^^^^^ of DME (no se.m). Adjust the 

Sr?To maKe Jp a fresh bottle, -J^^J^^^S a" 1^^^^^^^^^ ^h'e resulting PEG solution may be stored up 

ThoVe skilled in the art will know of «PP^°P"^;,!,'"! '°tr exampt may be cultured in Dulbecco's modilied Eagle s 
I S other variables routinely considered. COS ^^^'^.^ Transient expression of transfected cells 

'medium (DME) supplemented with ^^^-'^^ ^^^^r^^^^^^ this time period may -ry d^P- J^ 

normally can be expected between ^ f ^^^^ P°^ ,3 ...^itions. as will be apparent to those of ^^^'-^ ^J-^^ 

s upon the type or strain of host cell '^^^^^^^^^ genes cloned according to the methods of t^e P sent 

immunoprecipitation, blotting, and '=°'^^A f equ'?'^"^^ J, t„,hose of skill. For example, the immunoprecipilat.on 
invention may be carried out by any ^Ig" 0 986), is preferred. Southern, Northern, or other Wot 

protocol of cLkeLaL.La'"^"'^Y'^TVP''^all. ^t",^lV'VSin9 hyt^ridization probes prepared by known me hods 
'ana^sis methods known .0 those o' «V ^/^^ also may be accomplished by known methods. 

,0 suchasthatofHuelaL(Gene:iB:27l-277 (198^)). cu H ^ ^^^^^^^^^^ 5^^^ 

nclud'ng the dideoV^cleotide method o. S^^^^^.^j^g^^ljS^onal or monoclonal. These may be used 
The antibodies used according to the P-^;";';^^^^^^^^^ J effect immunose.ectlon of cells expressing 

singly, or in con.nction w«h ^^^^'^^^^ ^^^^^^^^^^ preparing antibodies or fragments 

the desired antigen or antigens by the jf ^ "^'^^ ,hose of skill. , ^. 

45 thereof for use according to the present ^, immunology include Klein, J , Immunology- The Sc.. 

Standard reference works setting ^^'^^f^:;^^';^^^^^ Kennett, R, etaLeds., LabosloQ. 

enceofMiNohSeim^^ ° Slf Voi 13 Elsevere, publisher, Amsterdam (1984). 

■T..Hni^ .,.. in Biochemisg^ andM^ectM^^ ^P ,,e,eof, such as, for example^ 

The term 'antibody" « mearU to ^'-^^'^'^^ '^'^'^^^^ preparations may be denved 

so Fab and F(ab)', fragments, which also are L afteHinizatiL with the antigen of interest, or a fragment 
directly from the blood of the desired an'^"^' ^P^ 'f^^^J^J ',7™^ skill Similarly, monoclonal antibodies may be 
thereof, using any o, the stanciard protoco^^ known tjtho-^^^^^^ ^^^^^^^ ,,,,„,,al antibodies is preferred 

prepared using known methods (KohiereiaL. — 

for the purposes ol the present invention. ,.^3^^ ^^H^re host cells which have 
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Mage et al , .1 in^munol. Meth. 15:47-56 (1977). and Wysocki and Sato, P.N.A^S. (USA) 15:2644-2946 (1978). 
P^g according to the methods ol the present invention may be earned out as follows. 

a Antibodv-coated dishes. Bacteriological 60mm plates. Falcon 1 007 or equivalent, or 1 0cm dishes such as Fisher 
8-75 i?Ly be used. Sheep anti-mouse affinity purified antibody (from, for example Cooper B|oMed,cal (Cap^ 
pell)) Is diluted to 10ug/mi In 50mM Tr,s HCI, pH 9.5. Add 3ml per 6cm dish, or 1 0ml per 10cm d.sh. Let s,t ca VS 
Ers remove to next dish 1 .5 hrs. , then to 3rd dish. Wash plates 3x with 0.1 5 NaCI (a wash bottle ,s convenient for 
this) incubate with 3ml img/ml BSA in PBS overnight, aspirate and freeze. 

b Panning Cells will be in 60mm dishes. Aspirate medium from dish, add 2ml PBSA3 5mM EDTA/0.02 azide 
and Incubate dishes at 37»C for 30 min. to detach cells Irom dish. Triturate cells vigorously with short pasteurp>pet 
Tn coCL^s from each dish In a centrifuge tube. Spin 4 min. setting 2.5 (200 x g) (takes 5 min)^ Resuspen 
cells in 0 5 -1 ) ml PBS/EDTA/azide/5% FBS and add antibodies. Incubate at least 30 mm. on ice. Add an equal 
volume of PBS/EDTA/azida, layer carefully on 3 ml PBS/EDTA/azide/2% Ficoll, and spin 4 mm. at setting 2.5. 
Aspirate supernatant in one smooth movement. Take up cells in 0.5ml PBS/EDT/Vazide and add -liq"°<^ '° 
bodv-coated dishes containing 3ml PBS/EDTA/azida/5% FBS by pipetting through 1 00 micron Nylon mesh (Tetko)^ 
Add cells from at most two 60mm dishes to one 60mm antibody-coated plate. Let sit at room temperature 1-3 
hours. Remove excess cells not adhering to dish by gentle washing with PBS/5% serum or with medium. 2 or 3 
washes of 3ml are usually sufficient. 

THirt Supernatant. A preferred variant of the method of Hirt. J. Molec. Biol. 26:365-369 (1 967), is as follows: Add 
0 4 ml 0 6% SDS, lOmM EDTA to panned plate. Let sit 20 minutes (can be as little as 1 min. If there are practically 
no cells on the plate) Pipet viscous mixture into microtuge tube. Add 0 1ml 5M NaCI. mix. put on >ce at least 5 
hrs Keeping the mixture as cold as possible seems to improve the quality of the Hirt. Spin 4 m,n '^-o- super- 
natant carefully, phenol extract (twice it the first interface Is not clean), add 10ug linear polyacrylamide (or o her 
earner) till tube tS top with EtOH, precipitate, and resuspend In 0.1ml. Add 3 volumes EtOH/NaOAc, reprecipitate 
and resuspend in 0.1 ml. Transform into MC106iyp3. preferab^, using the high efficiency protocol hereinafter de- 
scribed. If the DNA volume exceeds 2% of the competent cell aliquot, the transformation efficiency will suffer. 5 m 
gives the same number of colonies as 2.5% (efficiency is halved). 

It is preferred for this aspect ol the present invention to use "bfockers" in the incubation medium^ Blockers assure 
that non-specific proteins, proteases, or antibodies present do not cross-link with or destroy the antibodies present on 
\ue substrate or on the host cell surface, to yield false positive or lalse negative results. Selection of blockers can 
substantially improve the specificity of the immunoselection step ol the present invention. A number of non-specific 
mon2:dnll'antibodies. for example, o, the same class or subclass (isotype) as those used f tje i~ 
steo (e Q IqG, lqG,A IgGm. etc.) can be used as blockers. Btocker concentration (normally 1-100ug/ul) is important 
fo mihfain tS pyer'sensitivlty yet inhibit unwanted interference. Those of skill also will recognize that the bufler 
system used for incubation may be selected to optimize blocking action and decrease non-specrfic binding. 

A population of cells to be panned for those expressing the target cell surface antigen is first detached fron, its ce 
culture dish (harvested) without trypsin. The cells then are exposed to a first antibody, which may be polyclonal or 
mt^ lona . SreTed against the aSgen of Interest or against a family o, related antigens. At this initial s^9^. a -9 ^ 
antibody or a group of antibodies may be used, the choice depending upon the nature of the target antigen, its antic- 
ipated frequency, and other variables that will be apparent to those of skill. Target antigens expressed on the surfaces 
of host cells will form an antigen-antibody complex. 

The cells subsequently are placed in close apposition to a substrate, such as a culture dish, f^ter disc, or the like^ 
which previously has been coated with a second antibody or group of antibodies. This second antibody will be directed 
against the first antibody, and its choice will be a matter of ordinary skill dictated by, for example, the animal in wh ch 
the first antibody was raised For example, if the first antibody was raised in mice, the second antibody might be directed 
against mouse immunoglobulins, raised in goats or sheep. Cells expressing the ^^^S^' antigen will adh^e o the sub- 
strate via the complex formed between the antigen, the first antibody and the second antibody. Adhe ent ceNs then 
may be separated from nonadherent cells by washing. DNA encoding the target antigen is prepared from adherent 
cells by known methods, such as that of Hirt, J. Molec. Biol. 26:365-369 (1967). This DNA may be transformed intoj 
coli or other suitable host cells for further rounds of fusion and selection, to achieve the desired degree of ennchment. 
~ In the usual case, the initial rounds of immunoselection will employ a panel of first antibodies directed against an 
epitope or group of epitopes common to the family of antigens to which the target antigen belongs This will be sufficient 
10 narrow the number of clones for future rounds quite significantly. Two such rounds usually will be found adequate 
but the number of rounds may vary as mentioned above. Thereafter, a single round of selection may be perfomied 
employing a single first antibody or a group of first antibodies recognizing only the target antigen. 

By "substrate" is meant a solid surface to which antibodies may be bound for immunoselection according to the 
present invention. Known suitable substrates include glass, polystyrene, polypropylene, dextran. nylon, and other ma- 
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, T K». K»ari« minrotiter clates bacteriological culture dishes, and the like formed from or coated with such 
tenals Tubes. ^^^/^'^^^^^ ^^^^^^ ^ ,,,3,3,% or physically bound to the substrate by known techniques, such 
materials ''^.^^^J./^^'^'^ by absorption. Those skilled in the art will know many other 

: ■t^b^tl'i^an^rnXd^oM.r.obilizIng^^ thereupon, or will be able to asce.ain such substrates 

and ,0 the present invention preferably should be such as ,0 

» wSp 3?27 cells are even more preferred. WOP cells allow virtually all antibodies to be used, s,nce cross- 

entire co^ng sequence Those of skill will know various methods by which a preliminary determination of optimal insert 
size for a given gene may be determined. 

Vector construction an d cDNA insertion 

vectors suitable for expression of cDNA in mammalian tissue culture cells may be constructed by known methods, 
o , H or ,hP m.!n^src^f the present invention is an expression vector containing the SV40 origin The vector may 
a a r . yTi ed t y^^^^^^^^ transcription origin, and the SV40 early regbn promoter. Even P-'-^^^^^^ 
s a cl^^e ic promcHer composed of human cytomegalovirus immediate earfy enhancer -^^"-"^^^^^""ll^^^Srs"^ 
equ "s- a'so may be used with SV40 vectors. These are described, for -;7'^;X;r'eff^3a^ ' 

. . • * 1 - ^r^c ceo cvo MOPQV and Hnnrnd et al.. Mol. Cell. Biol. 2 .949-9bb (IbiO^J. 

^^''illnToroTcgSlnS^torfof^S ca-;^^cur. for example, by homopolymenc tailing with 

. Inl Jlrase Howeler homopolymeric tracts located 5' to cDNA inserts may inhibit inyrtro andjnvivo expres- 
terminal ''''''' ''^''.^^^^^ invention is the use of inverted identical cleavage sites separated by 

Ts^oZplSa DN^^^^^^^^^^^^^ identical cleavage sites, preferab^ employing t^^.^M.XI restriction 

endonuSse may be used in parallel with cDNA synthetic oligonucleotides, giving the same termini, as t^e replace- 
ab?e segmrnt of tSe vector. In this manner, the cDN A cannot ligate to itself, but can ligate to the vector. This albws the 

'"n^orerm'^^'ir.Sre p^^^^^^^^^^^ IS the above-described efficient oligonucleotide-based strategy to 

Anomer emDOQim k invention is prelerred, and employs the inverted 

:::^::^ssZ'Z^^^^^^^^ °' -Pn-tlon, bu, a more preferred form contains an M1 3 

ig v:cr cli:ining the Jl 3 origin, allows high level expression in ^l^^f^^l^^^^^^^ 

under its control. Also, the small size and particular arrangement of sequences in the plasmid permit high repii 

"cTsVrta^e antigen" is meant any protein that is transported through the intracellular membrane systerri to the 
By cell surface antigen is ^^^^^^ membrane through a carboxyl terminal domain 

cell surface^ ' nh f^r^ino acWs thatTe in me lipid bilayer of the membrane, and there exert their biological and 

fhrpreTent fnvent^,^ Sowever, cell surface antigens of any cells may be cloned according to the P-sen method^ 
the present "ve^iioa .^^^^^^^^ on the cell surface may admit of cloning according to the present method 

r;reXt u:in:f=;L^^^^^^^^^^ cen sorting (FACS, to enrich for fixed cells expressing intracellular anti- 

^^"'bv -substantiallv pure" is meant any antigen of the present invention, or any gene encoding any such antigen, 
whicMs essentSlfyLe o' o heTantigens or genes, respectively or of other contaminants with which it might norma y 
r H^n nT. «nd as such sxists in a form not found in nature By "functional derivative" is meant the "fragments, 

Of trpresentSion is meant to refer to any polypeptide subset of the molecule. A "variant" of such mo ecu s. 
mi«n,rrprr to a naturally occumng molecule substantially similar to either the entire molecule, or a fragment thereof 
TaiSo? of a ^oSs meant to refer to a non-natural n^olecule substantially similar to either the entire molecule 

°' ' SeTuletsa°d to be "substantially similar" to another molecule if the sequence of amino acids in both molecules 
is subsTa^aiy the san^^ and if both molecules possess a similar biological activrty. Thus, provided that two molecules 
rs e s? « 

Lnitinnai arr^ino acid residues not found in the other, or if the sequence of ammo acid residues is not identical as 
uSrerln ll ule Sd to be a "chemical denvative" of another molecule when it contains additional chemica 
lnii^« not no^lv a carl of the molecule. Such moieties may improve the molecule"s solubility, absorption, biological 
"rm^e^lTa^^ d-ease the toxicity of the molecule, eliminate or attenuate any undesirable 
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, ,.o P,r Moieties capable of mediating such effects are disclosed, tor example, in Reminctcns 
Side effects of the molecule e c Mo,e^,es c^^^^^^^ 

dl^^^^ of any of the antigens of the present invention is meant to include 

Which encode a molecule P^^J'"^ ^';^'j;fbe^^^^^ by methods of the present invention may be used in 

The substantially P-^?'^^;^^^^,^^^^^^^^ ,';,La of skill, including radio-immunoassays (R.As), enzyme immu. 
immunodiagnostic assay methods well , substantially pure proteins of the present 

noassays (El As) -^^7-^;^ j^srd^^^^^^ -'i- °' P--;--'-^ 

invention, in soluble form., may be adm nisiereo treatment ot immune-related diseases 

or With other agents, '^f^'^^^^^^^l Ts exam c:a:o;d;rs:hat may benefit from treatment with the 

and disorders in ^'^^'^^'■'^^^^1^^'^^^^^^ be mentioned immune deficiency diseases, diseases of im- 
substantially pure proteins ^'^l^^ P^^!"; '"^^^J^^.i^i./p^eomonitis, immune^omplex disease, vasculitis, systemic 
mediate type hyP^-^n^f^X.^^^ .enal injury, acufe and chronic inflammation, hemdytic 

lupus erythematosus, amyloidosis, parasitic diseases, murtiple sclerosis, Guil- 

anemias, platejt ^^^-^^il^n d sub ^ myo^^^^^^^^^ -yas.hen'^ gravis, immune endocrinopathies, and 

lain-Barre syndrome acme P pj^^^^^ eds , H.rri^on'. Principles of Internal Med- 

tissue and organ transplant '=''°";^^'1^!,° . . ^ ^^ ^^s supra- and Holborow etaL, eds , suetb. 

^, suera Ssp^o We., ed^ syg^^ ^ ^ ^ '"^^^ " ' 

drugs, radioisotopes, lectins. , ^ ^g^, invention are those large enough to produce 

The dose ranges for the adm,ni» ^^^S as^ca!^ adverse side effects, such as unwanted cross- 

-c:rar^=r= 

1;^= gradu„ over time, Adminis- 

r^L'Tay be Ravenous, --P-^-^^dTs^^^^^^^ -^P-=^°- 

Preparations for P--'-^' f glycol, vegetable oils such as 
emulsions Examples of e,hyloleate Aqueous carriers Include water, alcoholic and aqueous 

olive oil, and injectable organic esters such as ^3°'^;'°^ Parenteral vehicles include sodium chloride 

solutions, emulsions, or suspensions, including saline and J.^ ffinaSror ixJd oils Intravenous vehicles include 
solution. Ringer's dextrose, dextrose and -^^^ f 'f^^J^^.^J^^^^^^ dextrose, and the like. Pre- 

„uid and nutrient replenlshers. electrolyse ^ep en-hers^ ' Tor examp^ an microbiafs, antioxidants, chelating agents, 

of ma^ng them, are .own and described, 

■-TrJ^i^n^ssss^^ 

n^oughtheantigensofJ^P^^^^^^^ 

as a P^-7-"''-' acceptable carriers and optional^ other therapeut. agent, 
maceutica ly acceptable satt^togetherj^^^^^ P^^^ ^.^^ ^^^^^ .^^^^^.^^^^ composition and not 

By -acceptable" '^. '^^^"•'"^^^^^^ "de those suitable for oral, rectal, nasal, topical (including buccal and sub- 
injurious to the patient. C^'^P^''^"^"''^^^^^ compositions conveniently may be presented in unit dosage form, 

) divided solid carriers, or both, and shaping the product formed *hereDy 11 req , 

be in anv convenient 

oral, administered P«::;Lln^^^^^^^^ '"S^-' '^^'^Z 

form, including ^-^l^^^^^^'^ '^^^^^^^ aqueous or nonaqueous liquids, or oi.-in-water liquid 

or granules also are P^^'J^^^^^^^J^^^^^^^ 3,,,^ ingredient also may be presented as a bolus, electuary or paste. 

s ^"^rv^VnowtsTrSSr^^^^^ 

which are not Intended In any way to limrt the scope of the invention. 
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leoi^Tinn and Mol ^^iil?^r Cloning o f the Human CP40 Antigen 
The rapid immunoselection Coning method of the present invention was applied .o isolate and clone the CD40 



EXAMPLE 



antigen. The nucleotide sequence of CD40 Is shown In Figure 17. 

5 

Claims 

.0 Claims for the foilowing Contracting Slates : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL. SE 

1. CDNA comprising the nucleotide sequence shown ,n F.g. 17 coding for CD 40. 

2. An expression vector containing a cDNA according to claim 1 . 

3. A host cell containing an expression vector according to claim 2. 

4. A method for producing CD 40 antigen containing the steps' 



IS 



20 



a) culturing a host cell according to claim 3; and 

b) isolating said antigen. 



25 



Claim for the following Contracting State : ES 

1 A method for producing CD 40 ant.gen encoded by a cDNA comprising the nucleotide sequence shown in Fig. 17 
coding tor CD 40 containing the following steps: 

a) culturing a host cell containing an expression vector containing said cDNA; and 
30 b) isolating said antigen. 

Patentanspruche 

Patentanspruche fur foigende Vertragostaaten : AT, BE. CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1. cDNA, enthaltend die in Fig.17 dargestellte Nucleotidsequenz, die fur CD 40 codiert. 
40 2. ExpresslonsvektormitelnemGehaltanelnercDNAnachAnspruchl. 

3. Wirtszelle mit einem Gehalt an einem Expresslonsvektor nach Anspruch 2. 

4. Verfahren zur Herstellung von CD 40-Antigen, mit den Stufen: 

a) Zuchten einer Wirtszelle nach Anspruch 3, und 

b) Isolieren dieses Antigens 

so Patentanspruch fur folgenden Vertragsstaat : ES 

1 verfahren zur Herstellung von CD 40-Amigen. codier, durch eine cDNA, enthaltend die in Fig. 17 dargestellte 
Nucleotidsequenz, die tur CD 40 codierl, mit den folgenden Stulen; 

a) zuchten einer Wirtszelle mit einem Gehait an einem Expressionsvek.o, der die cDNA enthalt: und 

b) Isolieren des Antigens. 
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Revendications 

Revendlctions pour les Etat. con.ractants suivants : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

' 1 . ADNC comprenant la sequence nuclectidique representee sur la figure 1 7 codant pour CD40. 

2. Vecieur d'expression contenant un ADNc salon la figure 1 
,0 3. cellule hole contenant un vecteur d'expression selon la revendication 2. 

4. Precede pour la production de I'antigene CD40, comportant les etapes suivantes: 

a) culture dune cellule hole selon la revendication 3, et 
,5 b) isolennent dudit antigene. 

Revendication pour TEtat contractant sulvant : ES 

.0 1 ProCd. pour la productlor. de .'antigene CD40 cod. par un ADNc comprenar^t la s.puer.ce nuc.otidique repr.- 
■ Si sur la figure 17. codant pour CD40. comportant les elapes su-vantes. 

a) culture d'une cellule hole contenant un vecteur d'expression contenant ledit ADNc. et 

b) isolement dudit antigene. 



25 



30 



35 



40 



45 



50 



55 
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..T»»TrT nTTrrrrfiCA AACAAAAAAA CCACCGCTAC CAGLU^H^i 
1 GGCGTAATCT ttTOTGW 

" laAGTGTAG CCGTAGTTAG 

Z GTAGCACCa aACATACCT 

SrSmlc CAGTGGCTGC TGCCAGTGQC GATAAGTCGT GTOTACCGG 
201 ATCCTGTTAC C^TOi. 1 «^ ^^^^^^ 

S rSm AOIGAACGAC Q^CCGM 

tStGA GCTATGAGAA AGCGCCACGC ma^^ 

SSg g^^ggt tc CGGTAAGCGG CAGGGTCGGA acaggagagc 

^ccaggg ggaaacgcq ggtatctha tagtcggtc 

S^^C TCGCGTCGA TTTHGIGAT ^GG 

« aATGGAAAA ACGCCAGCAA CGCCGAAHA CCGC(«TCTT 

S ?SSS^?A Aaoroa GCGGCGCGTC ATTTGATATG ATGCGCCCCG 

m^??r m aS^GG CCAGTAAA^^ 
fo S GAaCTAAAT CmGTCAT CGACTTCGAA 

701 CCGAGCGW.^ ^ CACCATCACT HCAAAAGTC CGAAAGAAtC 

S^S ™ ScGCTG AGTAGTGCGC GAGTAAAATT 
Z S ™ CTTGACCGAC AATTGCATGA AGAATCTQCT 
851 \NUA^ rrrrTTCrar TGCTTCGCGA TGTACGGGCC AGATATACGC 

Z Sto " agtaatcmt m 

™^^?1t* mCATATAT CGACTTCCOC GHAaTAAC TOGGTMA 
I^U^n OTACGACCC CCGCCCATTG ACGTCMTM 

'"'l ™S Scta ^caat^ ow^':" 

1 Sta WOGCCCAC nGXAGTC ATCAAGTGT 

" ISImrl AGTACGCCCC aATTGACGT CAATGACGGT AAATGGCCCG 
Z Jn^A S« ATGACOTAT OGGACTTTCC TttnOGMI 

S Scat CGCTAnACC atggtgatgc ggttttggca 

Z oSSt «)CQGTnGA aCACaW^ mCCAAGTC 

rJft^a -n^GTCAAT GGGAGTTTGT TTTQGCACCA AAATCAACGG 

™ ^CTGffi CGGGAaGGG G«TGGCG«: CCaCAGATG CTOTAW 
« rjrr^ TTTaaOTA aCGGiaCT aGGTTAGAC CACAiaGAG 
2 aOGGCTAA aAGAGAACC CAaCCTTAA GCaCAATAA 

Z KgA CaCGAGO. TCTTCaT^ CTACCAGHC 

FIG. 1-1 
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1701 T(XGCCTGCA (XTCGCGaC GCGAaaAG AGGATCm TGAAQ^ 
1751 HACnaGT GGTGTGACAT AAnGGACAA ACTACCTACA GAGATHAAA 
1801 oaCTAAGGT AMTATAAAA TTTTTAAGTG TATAATGTGT TAAAQACTG 
Z ^CTAAHG TTTGTGTATT HAGAHCCA ACaATGGAA QGATGAATG 
1901 (»«mGG TQGAATGCa HAATGAGGA AAACCTGin TCaCAGAAG 
951 AAATQCCATC TAGTGATGAT GAGGCTAaG aCACTaCA ACATTCTACT 
2001 CCTCCAAAAA AGAAGAGAAA GGTAGAAGAC CCCAAGGAQ nCOTCAGA 
2051 ATTOaAAGT TnTTGAGTC ATGQGTGTT TAGTAATAGA AaOTGCn 
2101 GCmOCTAT HACACCACA AAGGAAAAAG QGCACTGCT ATACAAGAAA 
2151 ATTATOyWA AATAHaGT AACCnTATA AGTAGGCATA ACAGTTATAA 
2201 TCATAACATA aGTTTTnC TTACTCCACA CAGGCATAGA GTGTCTGCTA 
2251 TTAATAAaA TGCTCAAAAA TTGTGTACCT TTAGCTTTTT AATHGTAAA 
2301 GGGGTTAATA AGGAATATTT GATGTATAGT GCOTGACTA GAGATCATAA 
2351 TCAGCCATAC CACATHGTA GAQGTTTTAC TTGCTTTAAA AAACCTCCCA 
2401 CACaCCCCC TGAACaCAA ACATAAAATG AATGCAATTG TTGnOTTAA 
2451 OTGrrTATT GCAGCITATA ATGGTTACAA ATAAAGCAAT AGCATCACAA 
2501 A7TTCACAAA TAAAGCATTT TTTTCAaGC AnaAGTTG TGGTTTGTCC 
2551 AAACTCATCA ATGTATCTTA TCATGTQGG ATCaCTGGA ATGTGTGTCA 
2601 GTTAGQGTGT GGAAAGTCCC CAGGQCCCC AGCAGGCAGA AGTATGCAAA 
2551 GCATQCATQ CAATTAGTCA GCAACCAGGT GTGGAAAGTC CCCAGGCTCC 
2701 CCAQCAGGCA GAAGTATGCA AAfiCATGCAT CTCAATTAGT CAGCAACCAT 
2751 AGTCCCGCCC QAAQCCGC CCATCCCGCC CaAACTCCG CCCAGHCCG 
2801 CCCATTCTCC GCCCCATGGC TGAaAATTT rmTATTTA TGCAGAGGCC 
2851 GAGGCCGCa CGGCaaGA CaATTCCAG AAGTAGTGAG GAGGCTTnr 
2901 TGGAGGCaA GGCTTTTGCA AAAAGQaat TC 

FIG. 1-2 
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20 



80 




160 




(60) 



(120) 



l.TrA4rTTr/^ArAn(:CTAGTTnCAMmTGATGATA™^ (180) 



AAACA( 



(240) 



(300) 



(360) 



(420) 



(480) 



^^^^ ' ^ — ^ ^ \ if ^ *^~^^nu — — 



(600) 



(660) 



rrArrrArrrTrnfAT(5Gt(TrTGT(XeACT(iCTCGTmCTATATCACCAAAA(]G^ (720) 
20) fSLESuS^S^vii^^ 



2«) 

FIG. 2-1 
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TTITCMTAAAMQCACTGtGGATnCTGCCCTCCTC^^^^ 
AGGTGTmC7GTGTGCAGMCAnGTCACCTCCTGAQXTGT(m;CACAGCW^^^^ 

GCATCTrCGMCTCAGCCATGTGGTCAACATCTGGAGTTtnGGTaCCtCAGAGAGCTC 

CATCKACaGTAAGGAGAAGCAATATAAGTGTGAnGCMGAATGGTAGAG^^^ 

ACAGAAATCtTAGAGAmcmTCCCaaaGGTaTGTGTAGATGCGAm^ 

TGAnGGTGmTGGGTaCACTACAAGaGCaATCTaTTAAGAGACTCTG^^ 

CTTATGTGCCCTGGTQGAdOTGCCCACaTCaGTGAGTAAAAGTGAMTAAAAGCn 



TGAC C1504) 



FIG. 2-2 
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1 GGCGTAATQ GCTGCTTGCA AACAAAAAM CCACCGCTAC CAGCGGTGGT 
51 nCTTTGCCG GATCAAGAGC TACCAACTCT TinCCGAAG GTAACTGGCT 
101 TCAGCAGAGC GCAGATACCA AATACTGTCC HCTAGIGTA GCCGTAGTTA 
151 GGCCACCAa TCAAGAACTC TGTAGCACCG CCTACATACC TCGCTCTGCT 
201 AATCCTGHA CCAGTGGCTG QGCCAGIGG CGATAAGTCG TGTOTACCG 
251 GGnCGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GTCGGGCTGA 
301 ACGGGGGGTT CGTGCACACA GCCCAGCTTG GAGCGAACGA CCTACACCGA 
351 ACTGAGATAC QACAGCGTG AGCAHGAGA AAGCGCCACG CTTCCCGAAG 
401 GGAGAAAGGC GGACAGGTAT CCGGTAAGCG GCAGGGTCGG AACAGGAGAG 
451 CGCACGAGGG AGCHCCAGG GQGAAACGCC TGGTAICTTT ATAGTCCTGT 
501 CGGGHTCGC CACCTCTGAC HGAGCGTCG ATTITTGTGA TGCTCGTCAG 
551 GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCAAGCTA GCTTCTAGCT 
501 AGAAATTGTA AACGHAATA TlTTGnAAA AnCGCGHA AAlTTnGTT 
651 AAA iCAGCTC ATTrTTTAAC CAATAGGCCG AAATCGGCAA AATCCCTTAT 
701 AAATCAAAAG AATAGCCCGA GATAGGGHG AGTGnGTTC CAGTTTGGAA 
751 CAAGAGTCCA CTATTAAAGA ACGTGGACTC CAACGTCAAA GGGCGAAAAA 
801 CCGTCTATCA GGGCGATGGC CGCCCACTAC GTGAACCATC ACCCAAATCA 
851 AGTTnTTGG GGTCGAGGTG CCGTAAAGCA CTAAATCGGA ACCCTAAAGG 
901 GAGCCCCCGA TTTAGAGCTT GACGGGGAAA GCCGGCGAAC GTGGCGAGAA 
951 AGGAAGGGAA GAAAGCGAAA GGAGCGGGCG CTAGGGCGCT GGCAAGTGTA 

1001 GCGGTCACGC TGCGCGTAAC CACCACACCC GCCGCGCHA ATGCGCCGCT 
1051 ACAGGGCGCG TACTATGGTT GCTTTGACGA GCACGTATAA CGTGCmCC 

FIG. 6-1 
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1101 Kmo:^-^ oi^^ ^'^^'^ ^'^^^^ 

1151 AGACAGGAW: GGTACGCCAC CTGGATCACC GCGGTCTITC TCAACGTAAC 
1201 ACITTACAGC GGCGCGTCAT HGATATGAT GCGCCCCGa TCCCGATAAG 
1251 OJAGCAGGCC AGTAAAWCA mCCCGTGG TGGGGnCCC GAGCGGCCAA 

1301 AGGGAGCACy^ aCTAAATG GCCGTCATCG ACTTCGAAGG TTCGAATCCT 
1351 TCCCCCACa CCATCACTTT CAAAAGTCCG AAAGAAlCTG aCCCTQCTT 
1401 GTGTGTTGGA GGTCGQGAG TAGTGCGCGA GTAAAATTTA AGCTACAACA 
1451 AGGCAAGGa TGACCGACAA TTGCATGWC AATCTGCTTA GGGTTAGGCG 
1501 mTGCGCTG OTCGCGATG TACGGGCCAfi ATATACGCGT TGACAHGAT 
1551 TAHGACTAG TTAHAATAC TAATCAAHA CGGGGTCAH AGTTCATAGC 
1601 CCATATATGG AGTTCCGCGT TACATAACH ACGGTAAATG GCCCGCCTGG 
1651 CTGACCGCCC AACGACCCCC GCCCATTGAC GTCAATAATG ACGTATGTTC 
1701 CCATAGTAAC GCCAATAGGG AClTTCCAn GACGTCAATG GGTGGACTAT 
1751 TTACGGTAAA CTGCCCACTT GGCAGTACAT CAAGTGTATC ATATGCCAAG 
1801 TACGCCCCCT ATTGACGTCA ATGACGGTAA ATGGCCCGCC TGGCATTATG 
1851 CCCAGTACAT GACCTTATGG GAGTTCCTA CTTGGCAGTA CATCTACGTA 
1901 TTAGTCATCG CTAHACCAT GGTGATGCGG TinGGCAGT AQTCAAIGG 
1951 GCGTGGATAG CGGTTTGAa CACGGGGAH TCCAAGTCTC CACCCCATTG 
2001 ACGTCAATGG GAGTTTGTn TGGCACCAAA ATCAACGGGA CTHCCAAAA 

2051 TGTCGTAACA ACTCCGCCCC AHGACGCAA ATGGGCGGAA TTCCTGGGCG 

2101 GGAaCGGGA GTGGCGAGCC CTCAGATGa GCATATAAGC AGCTGCTTTT 

2151 TGCCTGTACT GGGTCTCTCT GGTTAGACCA GATCTGAGCC TGGGAGCTCT 

2201 CTGOaAACT AGAGAACCCA CTGCTTAAGC CTCAATAAAG CTTCTAGAGA 

2251 TCCaCGACC TCGAGATCCA TTGTGCTGGC GCGGAHCn TATCACTGAT 

FIG. 6-2 
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2301 AAGTTGGTGG ACATATTATG TTTATCAGTG ATAAAGTGTC AAGCATGACA 
2351 AAGHGCAGC CGAATACAGT GATCCGTGCC GCCCTAGACC TGHGAACGA 
2401 GGTCGGCGTA GACGGTCTGA CGACACGCAA ACTGGCGGAA CGGTTGGGGG 
2451 TTCAGCAGCC GGCGCTTTAC TGGCACTTCA GGAACAAGCG GGCGCTGCTC 
2501 GACGCACTGG CCGAAGCCAT GCTGGCGGAG AATCATAGCA CHCGCTGCC 
2551 GAGAGCCGAC GACGACTGGC GCTCATTTCT GACTGGGAAT GCCCGCAGCT 
2601 TCAGGCAGGC CaGCTCGCC TACCGCCAGC ACAATGGATC TCGAGGGATC 
2651 nCCATACCT ACCAGTTaG CGCCTGCAGG TCaGGCCGC GACTCTAGAG 
2701 GATCTTTGTG AAGGAACCH ACTTCTGTGG TGTGACATAA HGGACAAAC 
2751 TACCTACAGA GATTTAAAGC TCTAAGGTAA ATATAAAATT TTTAAGTGTA 
2801 TAATGIGHA AACTACTGAT TCTAATTGn TGIGTAim AGAHCCAAC 
2851 CTATGGAACT GATGAATGGG AGCAGTGGTG GAATGCCTTT AATGAGGAAA 
2901 ACCTGnTTG CTCAGAAGAA ATGCCATCTA GTGATGATGA GGCTACTGCT 
2951 GACTCTCAAC AnCTACTCC TCCAAAAAAG AAGAGAAAGG TAGAAGACCC 
3001 CAAGGACTTT CCTTCAGAAT TGCTAAGTTT nTGAGTCAT GCTGTGTTTA 
3051 GTAATAGAAC TCHGCTTGC nTGCTATTT ACACCACAAA GGAAAAAGCT 
3101 GCACTGCTAT ACAAGAAAAT TATGGAAAAA TAnCTGTAA CCTTTATAAG 
3151 TAGGCATAAC AGHATAATC ATAACATACT GTTTTncn ACTCCAaCA 
3201 GGCATAGAGT GTCTGCTAH AATAACTATG CTCAAAAAH GIGTACCTH 
3251 AGCTTITTAA inGTAAAGG GGHAATAAG GAATAITTGA TGTATAGTGC 
3301 CTTGACTAGA GATCATAATC AGCCATACCA CATTTGTAGA GGTTTTACn 
3351 GCTTTAAAAA ACCTCCCACA CCTCCCCCTG AACCTGAAAC ATAAAATGAA 
3401 TGCAATTGTT GTTGnAACT TCTnAHGC AGCHATAAT GGTTACAAAT 
3451 AAAGCAATAG CATCACAAAT HCACAAATA AAGCATTTTT HCACTGCAT 

FIG. 6-3 
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3501 TCTAGTTGTG GTrTGTCCM ACTCATCMT GTATCTTATC ATGiaGGAT 

3551 CCTGTGGAAT GTGTGTCAGT TAGGGTGTGG AAAGTCCCCA GGQCCCCAG 

3601 CAGGCAGAAG TATGCAAAGC ATGCATCTCA AHAGTCAGC AACCAGGTGT 

3651 GGAAAGTCCC CAGGCTCCCC AGCAGGCAGA AGTATGCAAA GCATGCATCT 

3701 CAAHAGTCA GCAACCATAG TCCCGCCCCT AACTCCGCCC ATCCCGCCCC 

3751 TAACTCCGCC CAGHCCGCC CATTCTCCGC CCCATGGCTG ACTAAnTTT 

3801 ITTATTTATG CAGAGGCCGA GGCCGCCTCG GCCTCTGAGC TATTCCAGAA 

3851 GTAGTGAGGA GGCTTnTTG GAGGCCTAGG CTTTTGCAAA AAGCTAATTC 

FIG. 6-4 
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AGAaacAGa:cn(x;cAaT(iGTCTTrcAGmcccTc^^^^ ^so) 

-18 

GATAlTTACnCTGCAWTTGAAGnATCTATCCTCCTCCTTACCT^^^ (480) 
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CCCTATGCCCaCCACGCGACmGCAGCCTATCGCTCgCA^^ (780) 

PR0TYRAlJ^PTOARGASFfV€ALAALATYRARC5SeR^ 

AGCaGCCGGCTGGCAaCCCCATCTGCTCAATATCACTGCTCTGGATAGGAAATGACCG (840) 

CCATCTCCAGCCGGCCACCtCAGCCCCTGiTGGGCO\CCMTGCCAATTTrrCTCGA^^^ (900) 
ACTAGACCAMTATCAAGAtCAirnGAGACTCTGAAATGAAGTAAAAGAGAmCCTG^ (960) 
GACAGGCCAAGTCnACAGTaCATGGCCCACAnCCAACnACCATGTACTTAGTGACT (1020) 
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. .GGAGAGTC 


TGACCACCAT 


GCCACCTCCT 


CGCCTCCTCT 


TCnCCTCCT 


51 


CTTCCTCACC 


CCCATGGAAG 


TCAGGCCCGA 


GGAACCTCTA 


GTGGTGAAGG 


101 


TGGAAGAGGG 


AGATAACGCT 


GTGCTGCAGT 


GCCTCAAGGG 


GACCTCAGAT 


151 


GGCCCCAQC 


AGCACaGAC 


CTGGTCTCGG 


GAGTCCCCGC 


nAAACCCTT 


201 


CTTAAAAaC 


AGCCTGGGGC 


TGCCAGGCCT 


GGGAATCCAC 


ATGAGGCCCC 


251 

k W A 


TGGcCATCTG 


GCIiliaTC 


nCAACGTCT 


CTCAACAGAT 


GGGGGGCnC 


301 


TACCTGTGCC 


AGCCGGGGCC 


CCCCTCTGAG 


AAGGCCTGGC 


AGCCTGGCTG 


351 


GACAGTCAAT 


GTGGAGGGCA 


GCGGGGAGCT 


GTTCCGGTGG 


AATGl 1 ICGG 


401 


ACCTAQGTGG 


CCTGGGCTGT 


GGCCTGAAGA 


ACAGGTCCTC 


AGAGGGCCCC 


451 


AGCTCCCCTT 


CCGGGAAGCT 


CATGAGCCCC 


AAGCTGTATG 


TGTGGGCCAA 


501 


AGACCGCCCT 


GAGATCTGGG 


AGGGAGAGCC 


TCCGTGTGTC 


CCACCGAGGG 


551 


ACAGCCTGAA 


CCAGAGCCTC 


AGCCAGGACC 


TCACCATGGC 


CCCTGGCTCC 


601 


ACACTCTGGC 


TGTCCTGTGG 


GGTACCCCCT 


GACTCTGTGT 


CCAGGGGCCC 


651 


CCTCTCCTGG 


ACCCATGTGC 


ACCCCAAGGG 


GCCTAAGTCA 


TTGCTGAGCC 


701 


TAGAGCTGAA 


GGACGATCGC 


CCGGCCAGAG 


ATATGTGGGT 


AATGGAGACG 


751 


GGTCTGTTGT 


TGCCCCGGGC 


aCAGCTCAA 


GACGCTGGAA 


AGTATTATTG 


801 


TCACCGTGGC 


AACCTGACCA 


TGTCATTCCA 


CCTGGiAGATC 


ACTGCTCGGC 


851 


CAGTACTATG 


GCACTGGCTG 


CTGAGGACTG 


GTGGCTGGAA 


GGTCTCAGCT 


901 


GTGAC1TTGG 


CHATCTGAT 


CTTCTGCCTG 


TGHCCCTTG 


TGGGCAnCT 


951 


TCATCITCAA 


AGAGCCCTGG 


TCCTGAGG/\G 


GAAAAGAAAG 


CGAATGACTG 


1001 


ACCCCACCAG 


GAGATTCTTC 


AAAGTGACGC 


CTCCCCCAGG 


AAGCGGGCCC 


1051 


CAGAACCAGT 


ACGGa\ACGT 


GCTGTCTCTC 


CCCACACCCA 


CCTCAGC-CCT 


1101 


CGGACGCGCC 


CAGCGnGGG 


CCGCAGGCCT 


GGGGGGCACT 


GCCCCGTCn 


1151 


ATGGAAACCC 


GAGCAGCGAC 


GTCCAGGCGG 


ATGGAGCCTT 


GGGGTCCCGG 






FIG. 1 


2-1 
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1201 AGCCGCCGGG AGTGGGCCCA GMGAAGAGG AAGGGGAGGG CTATGAGGAA 
1251 CaGACAGTG AQGAGGACTC CGAGTTCTAT GAGAACGACT CCAACCTTGG 
1301 CaCGACCAG aCTCCCAGG ATGGCAGCGG CTACGAGAAC CCTGAGGATG 
1351 AGCCCCTGGG TCQGAGGAT GAAGACTCCT TCTCCAACGC TGAGTCTTAT 
1401 GAGAACGAGG ATGAAGAGCT GACCCAGCCG GTCGCCAGGA CAATGGACTT 
1451 CCTGAGCCa CATGGGTCAG CaGGGACCC CAGCCGGGAA GCAACCTCCC 
1501 TGGGGTCCCA GTCCTATGAG GATATGAGAG GAATCCIGTA TGCAGCCCCC 
1551 CAGCTCCGCT CCATTCGGGG CCAGCCTGGA CCCAATCATG AGGAAGATGC 
1501 AGACTCTTAT GAGAACATGG ATAATCCCGA TGGGCCAGAC CCAGCCTGGG 
1551 GAGGAGGGGG CCGCATGGGC ACCTGGAGCA CCAGGTGATC CTCAGGTGGC 
1701 CAGCCTGGAT CTCCTCAAGT CCCCAAGAH CACACCTGAC TCTGAAATCT 
1751 GAAGACCTCG AGCAGATGAT aCAACCTCT GGAGCAATGT TGCHAGGAT 
1801 GTGTGCATGT GTGTAAGTGT GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT 
1851 ATACATGCCA GTGACACnC CAGTCCCCH TGIAHCCn AAATAAAQC 
1901 AATGAGaa TCCAAAAAAA AAAA 

FIG. 12-2 
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1 ACAAAGACAA ACTGCACCa CTGMCTCCG CAGCTAGCAT CCAAATCAGC 
51 CCTTGAGAH TGAGGCCTTG GAGACTCAGG AGITTTGAGA GCAAAATGAC 

101 AACACCCAGA AATTCAGTAA ATGCGACTH CCCGGCAGAG CCAATGAAAG 
151 GCCCTATTGC TATGCAATCT GGTCCAAAAC CACTCHCAG GAGGATGTCT 
201 TCAaOGTGG GCCCCACGCA AAGCTTCTTC ATGAGGGAAT CTAAGACTTT 
251 GGGGGaCTC CAGATTATGA ATGGGCTCTT CCACAnCCC CTGGGGGGTC 
301 TTCTGATGAT CCCAGCAGGG ATCTATGCAC CCATCTGTGT GACTGTGTGG 
351 TACCaCTCT GGGGAGGCAT TATGTATATT ATTTCCGGAT CACTCCTGGC 
401 AGCAACGGAG AAAAACTCCA GGAAGTGTTT GGTCAAAOGA AAAATGATAA 
451 TGAAnCAH GAGCCTCTTT GCTGCCATTT CTGGAATGAT TCTTTCAATC 
501 ATGGACATAC TTAATAHAA AATTTCCCAT TTTTTAAAAA TGGAGAGTCT 
551 GAATTlTAn AGAGCTCACA aCCATATAT TAACATATAC AACTGTGAAC 
601 CAGCTAATCC CTCTGAGAAA AACTCCCCAT CTACCCAATA CTGTTACAGC 
651 ATACAATCTC TGHCnGGG anTTGTCA GTGATGCTGA TCTTTGCCTT 
701 CTTCCAGGAA CHGTAATAG CTGGCATCGT TGAGAATGAA TGGAAAAGAA 
751 CGTGCTCCAG ACCCAAATCT AACATAGHC TCCTGTCAGC AC\AGAAAAA 
801 AAAGAACAGA CTATTGAAAT AAAAGAAGAA GTGGnGGGC TAACTGAAAC 
851 ATCTTCCCAA CCAAAGAATG AAGAAGACAT TGAAATTAH CCAATCCAAG 
901 AAGAGGAAGA AGAAGAAACA GAGACGAACT HCCAGAACC TCCCCAAGAT 
951 CAGGAATCCT CACCAATAGA AAATGACAGC TCTCCTTAAG TGATTTCnC 
1001 TGTTTrCTGT nCCTmTT AAACAHAGT GnCATAGCT TCCAAGAGAC 
1051 ATGCTGACTT TCATTTCTTG AGGTACTCTG CACATACGCA CCACATCTCT 

FIG. 13-1 
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1101 ATCTGGCCTT TGCATGGAGT GACCATAGCT CCTTCTCTCT tACAHGAAT 

1151 GTAGAGAATG TAaCATTGT AGCAGCTTGT GHGTCACGC nCTTCTTn 

1201 GAGCAACTTT CTTACACTGA AGAAAGGCAG AATGAGTGCT TCAGAATGTG 

1251 AmCCTAQ AACCTGHCC TTGGATAGGC TTfTTAGTAT AGTATTTTTr 

1301 TnCTCATTT TCTCCATCAG CAACCAGGGA GACTGCACCT GATGGAAAAG 

1351 ATATATGAQ GCTTCATGAC AHCCTAAAC TATCTmn TTATTCCACA 

1401 TCTACGTTTT TGGTGGAGTC CCTTTTTATC ATCCTTAAAA CAATGATGCA 

1451 AAAGGGCTTT AGAGCACAAT GGATCT 

FIG. 13-2 
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1 ACGCGGAAAC AGGCTTGCAC CCAGACACGA CACCATGCAT CTCCTCGC^L 

51 caCGQCa GGTCaGGTT CTAGAATACT TGOCTTTCTC TGACTCAAGT 

101 AAATGGGTTT TTGAGCACCC TGAAACCCTC TACGCCTGGG AGGGGGCCTG 

151 CGTaCGATC CCQGaca ACAGAGCCCT AGATGGTGAC CTGGAAAGCT 

201 TCATCaOTT CCACAATCCT GAGTATAACA AGAACACCTC GAAGTHGAT 

251 GGGACAAGAC laATGAMG CACAAAGGAT GGGAAGGTTC CTiaGAGCA 

301 GAAAAGGGTG CAAnCQGG GAGACAAGAA TAAGAAQGC ACACTGAGTA 

351 TCCACCCGGT QCACaCAAT GACAGTGGTC AGCTGGGCa GAGGATGGAG 

401 TCCAAGAaC AGAAATGGAT QGAACGAATA CACCTCAATG TCTCTGAAAG 

451 GCCrrnCCA CaCATATCC AQCTCCCTCC AGAAA7TCAA GAGTCCCAGG 

501 AAGTCAaa GACCTGOTG CTGAATTTa CCTGCTATGG GTATCCGATC 

551 CAATTGCAGT GGCTCaAGA GGGGGTTCCA ATGAGGCAGG CTGCTGTCAC 

601 aCGACCTCC HGACCATCA AGTCTGTCTT CACCCGGAGC GAGCTCAAGT 
551 TCTCCCCACA GTGGAGTCAC CATGGGAAGA TTGTGACCTG CCAGCTTCAG 
701 GATGCAGATG GGAAGTTCCT aCCAATGAC ACGGTGCAGc TgAACGTGAA 
751 GCATCCTCCC AAGAAGGTGA CCACAGTGAT TCAAAACCCC ATGCCGAnC 
801 GAGAAGGAGA CAaGTGACC CTTTCCTGTA ACTACAAHC CAGTAACCCC 
851 AGTGTTACCC GGTATGAATG GAAACCCCAT GGCGCCTGGG AGGAGCCATC 
901 GCTTGGGGTG aCAAGATCC AAAACGTTGG CTGGGACAAC ACAACCATCG 
951 CCTGCGCAQC HGTAATAGT TGGTGCTCGT GGGCQCCCC TGTCGCCCTG 
1001 AATGTCCAGT ATGCCCCCCG AGACGTGAGG GTCCGGAAAA TCAAGCCCCT 
1051 nCCGAGAH CACTCTGGAA ACTCGGTCAG CCTCCAATGT GACITCTCAA 
1101 GCAGCCACCC CAAAGAAGTC CAGnCTTCT GGGAGAAAAA TGGCAGGCTT 
1151 CTGGGGAAAG AAAGCCAGCT GAATTTTGAC TCCATCTCCC CAGAAGATGC 
1201 TGGGAGTTAC AGCTGCTGGG TGAACAACTC CATAGGACAG ACAGCGTCCA 
1251 AGGCaCGAC ACTTGAAGTG CTGTATGCAC CCAGGAGGa GCGTGTGTCC 
1301 ATGAGCCCGG GGGACCAAGT GATGGAGGGG AAGAGTGCAA CCCTGACQG 
1351 TGAGAGCGAC GCCAACCQC CCGTCTCCCA CTACACCTGG TTTGACTGGA 
1401 ATAACCAAAG CQCCCaAC CAQGCCAGA AGaGAGATT GGAGCCGGTG 
1451 AAGGTCCAGC ACTCGGGTGC CTACTGGTGC CAGGGGACCA ACAGTGTGGG 
1501 CAAGGGCCGT TCGCCTCTCA GCACCCTCAC CGTQACTAT AGCCCGGAGA 
1551 CCATCGGCAG GCGAGTGGQ GTGGGACTCG GGTCCTGCCT CGCCATCCTC 
1601 ATCaGGCAA TCTGTGGGCT CAAGCTCCAG CGACGTTGGA AGAGGACAa 
1651 GAGgCCAGCA GGGGCTTCAG GAGAAHCCA GCGGCCAGAG CTTCTnGTG 

FIG. 14-1 
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1701 AGGAATAAAA AGGITAGAAG GGCCCCCCTC TCTGAAGGCC CCCACTCCCT 

1751 GGGATCaAC AATCCMTGA TGGAAGATgG CAHAGCTAC ACCACCaCC 

1801 gCTTTCcCGA gatgaacata ccacgaactg gagatgcaga gtcctcagag 

1851 ATGCAGAGAC aCCCCCGGA CTGCGATGAC ACGGTCACTT AnCAGCAH 

1901 GCACAAGCGC CAAGTGGGCA CTATGAGAAC GTCAHCCAG AITTTCCAGA 

1951 AGATGAGGGG AnCAHACT CAGAGCTGAT CCAGTTTGGG GTCGGGGAGC 

2001 GGCaCAGGC ACAAGAAAAT GTGGACTATG TGATCCTCM ACAHGACAT 

2051 GGATGGGCTG CAGcAGAGGC AQGGGGGCA GCGGGGGCCA GGGAAGTcCC 

2101 CGAGTrr 



FIG. 14-2 
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1 CCCAMTGTC TCAGAATGTA TGTCCCAGAA ACCTGTGGCT GCTTCAACCA 
51 nGACAGlTT TGCTCaGCT GGGTCTGCA GACAGTCAAG CTGCAGCTCC 

101 CCCAAAGGCT GTGCTGAAAC TTGAGCCCCC GTGGATCAAC GTGCTCCAGG 

151 AQGAQCTGT GACTCTGACA TGCCAGGGGG CTCGCAGCCC TGAGAGCGAC 

201 TCCATTaGT GGHCCACAA TGGGAATQC AHCCCACCC ACACGCAGCC 

251 CAGCTACAGG TTCAAGGCCA ACAACAATGA CAGCGGGGAG TACACGTGCC 

301 AGAaCGCCA GACCAGCaC AGCGACCQG TGCATCTGAC TGTGCmCC 

351 GAATGGaCG TGCTCCAGAC CCCTCACaC GAGHCCAGG AGGGAGAAAC 

401 CATCATGaC AG6TGCCACA GQGGAAGGA CAAGCCraC GTCAAGGTa 

451 CAHCnCCA GAATGGAAAA TCCCAGAAAT TCTCCCGTTT GGATCCCACC 

501 TTCTCCATCC CACAAGCAAA CCACAGTCAC AGTGGTGAn ACCACTGCAC 

551 AGGAAACATA GGaACACGC TGTTCTCATC CAAGCCTGTG ACCATCACTG 

601 TCCAAGTGCC CAflCATGGGC AGCTCTTCAC CAATGGGGAT CAHGTCGCT 

551 GTGGTCATTG CGAaGCTGT AGCAGCCATT GHQCTGCTG TAGTGGCCTT 
701 GATCTACTGC AGGAAAAAGC GGATTTCAGC CAAHCCACT GATCCTGTGA 
751 AGGCTGCCCA ATTTGAGCCA CCTGGACGTC AAATGAHGC CATCAGAAAG 
801 AGACAACTTG AAGAAACCAA CAATGACTAT GAAACAGCTG ACGGCGGCTA 
851 CATGACTCTG AACCCCAGGG CACCTACTGA CGATGATAAA AACATCTACC 
901 TGACTCnCC TCCCAACGAC CATGTCAACA GTAATAACTA AAGAGTAACG 
951 TTATGCCATG TGGTCATACT CTCAGCHGC TGAGTGGATG ACAAAAAGAG 
1001 GGGAAHGIT AAAGGAAAAT TTAAATGGAG ACTGGAAAAA TCCTGAGCAA 
1051 ACAAAACCAC CTGGCCCnA GAAATAGCTT TAACTTTGCT TAAACTACAA 
1101 AaCAAGCAA AACITCACGG GGTCATACTA CATACAAGCA TAAGCAAAAC 
1151 TTAACTTGGA TCATnCTGG TAAATGCHA TGHAGAAAT AAGACAACCC 
1201 CAGCCAATCA CAAGCAGCCT ACTAACATAT AAHAGCTGA CTAGGGACTT 
1251 TQAAGAAGA TACCTACCCC CAAAAAACAA nATGTAAH GAAAACCAAC 
1301 CGAHGCCn TAfnTGCTT CCACATTTTC CCAATAAATA CTTGCCTGTG 
1351 ACATnTGCC ACTGGAAaC TAAACHCAT GAAHGCGCC TCAGATTITT 
1401 CCmAACAT CTTTTnTTT THGACAGAG TCTCAATCTG HACCCAGGC 
1451 TGGAGTGCAG TGGTGCTATC nCGCTCACT GCAAACCCGC CTCCCAGGTT 
1501 TAAQCGATTC TCATGCCTCA GCCTCCCAGT AGCTGGGATT AGAGGCATGT 
1551 GCCATCATAC CCAGCTAAH TTTCTATTTT nATTTnTT TmTAGTAG 
1601 AGACAGGGH TCGCAATGTT GGCCAGGCCG ATCTCGAACT TCTGGCCTCT 
1651 AGCGATCTGC CCGCCTCGGC CTCCCAAAGT GCTGGGATGA CCAGCATCAG 
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CCCCAATGTC CAGCaOTT AACATCTTQ HCCTATGCC CTCTCTGTGG 
ATCCaACTG CTGGTnaG CGTCTCCAT GCTGAGAACA AAATCACQA 
nCACTGOT ATGCAGTCGG AAGCTCCAGA AGAACAAAGA GCCCAATTAC 
CAGAACCACA HAAGTCTCC AnCTTTTGC CTTGGGATTT GAGMG^ 
HAGAGAGGT GAGGATCTGG TATTTCCTGG ACTAAAHCC CCTTGGGGAA 
GACGAAGGG^ TGCTGCAGH CCAAAAGAGA AGGACTCTTC CAGAGTCATC 
2001 TACCTGAGTC CCAAAGCTCC CTGTCCTGAA AGCCACAGAC AATATGGTCC 
2051 CAAATGAQG AaGCACCTT CTGTGCCTCA GCCGTTCTTG ACATCAAG^A 

2101 TCrraGTTC CAaiCCACA cagccaatac aattagtcaa accactgha 

2151 TTAACAGATG TAQCAACATG AG\AACGCTT ATGTTACAGG TTACATGAGA 
2201 GCAATCATGT AAGiaATAT GWJTCAGAA ATGTTAAAAT AGACTAACCT 
2251 aAACAACAA ATTAAAAGTG AHGTrrCAA GGTGAAAAAA 
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1 GCTGTGACTG QGTGCTCTG GGCGCCACTC GCTCaGGGA GTGATGGGAA 

51 TCCTGTCATT CnACCTGTC CTTGCCAaC AGAGTGACTG GGCTGAcTgC 

101 AAGTCCCCCC AGCCTTGGGG TCATATGCn CTGTGGACAG CTGTGCTATC 

51 CCTGGCTCCT cnoaGGGA CACCTGCAO: TCCCCCAAAG GCTGTGCTGA 

201 AAQCGAGCC CCAGTGGATC AACGTGCTCC AGGAGGACTC tgtgactctg 

251 ACATGCCGGG GGAQaCAG CCQGAGAGC GACTCCAHC AGTGGTTCCA 

301 cAATGGGAAT CTCATTCCCA CCCACACGCA GCCCAGCTAC AGGHCAAGG 

351 cCAACAACAA TGACAGCGGG GAGTACACGT GCCAGAQGC CCAGACCAGC 

401 aCAGCGACC CTGTGCATCT GACTGTGCTT TaGGTCAGT GGAfiGAAGGC 

451 CCCAGGGTGG ACCTGGGAGG GCCAGGACGG ATGAAATCTG CTTTCAGGCA 

501 GAGGTTTGCA GGAAAGGGGG GTGGCCTGCT TACTGGGAAG TATCGCTGTG 

551 AGHGCCTCA GCACATATCA GTGGTTGTTT HGCCTCAGT TCTGAHGAA 

601 CAGAAGAAGG TTTCAAGGCC AAAAACAGGC AGCCAAGTGT GAGAGAAGCA 

651 GAAGGAAATC CCTAQGCAT AAAACCCATT TCCATTTTAA IGGCAGAAH 
701 GAAAAGCACA GACCACAACT GAATCQAGC CCTGG^AATG ACTCACTATA 
751 CAACATGATG AAnCATTTA ACCCTTGAGT HCCATTTCT TCACCTGCTC 
801 CGTGGGGCAC TAACGCCTCC CTCAGAGGCT TCTGGTGAGA ATCAGTGTTT 
851 CCCTGCCCCC GCCCCGCCCT CCATGCCCCT TCTCCACGH CTCACTGTGC 
901 TAGGTGCTCT TaCTGICH laCTTCCAC CAGCCTGTGG GAAACCTGAG 
951 ATGAAAGTCG TGTCTTACCC ATCTTTGTAT HCCAGCATC TGAAACTGGG 
1001 CAGAGCHAA TAAATATTfT GCTGGAGAGG HGATGATCT TACAAAGCTC 
1051 CCAHGAAAG GTGGCTCTCT GTAAAGCAAA GTOCAATGA GAHGTGATG 
1101 AACAHGTCC nGTGGCTTT TCACTTAGTC CCCTCCCTTC ACCTGAAGAG 
1151 CAAATTnCC TCAAAAGTAC ACAGCAAACG AATGACCCAC TGGTGAaCT 
1201 GnCCCTTTA GACCCTGCTG GAAAGAAGCT CCACATTTAT TAACAHCCC 
1251 GAAGTAAATT TATCAGGTAG CAHCATCAG GTAACATTTG HGCACATTC 
1301 ATGACTTTTC TACTGTCCAC AAAGGCATAT GTCCHATCA TATGCGGACT 
1351 CCTCGGTCAC ACTGGAnCT TCCTTCCCTC CTCGACATGG AAGAGATGGC 
1401 ATCTTAQGGT CTCnGTGTT CTTCCTGCAG AGGCCTGTCG GGCAGGAAAA 
1451 GGCTGCAGa GCCTTCCTGG GAGAAGGAGG AGATGAGTGT ATCCTGAACA 
1501 CCTATTATGT GCTAGGGGCT ATTGTAGATA CATGACACTA TCATGCTCAT 
1551 TTTCACGAAT GAGGAAACTG AGGCTCAGAA GACTTAAAH ATTTGCCCAA 
1601 GAGTTATAAA TGACAGAGCC AGCAHAGAG TCCAGGACTG TaGATTTCA 
1651 GACCTAAGCT GTTCCCTCTG CACATCGTGT CCCACCAGTA AGGAAGATCT 
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r^TCTCAGA GCTGAGCCAA GACCTCCCGG GTCCTCTGCG GTTmTGTG 
S « TCCAGACCCC TCAOTGGAG ™ 
GAGAAACCAT CGTGCTGAGG TGCCACAGCT GGAAGGACM GCCTCTGGTC 
AAGGTCACAT TCTTCCAGAA TGGAAAATCC AAGAAATTTT CCCGTTCGGA 
TCCCAACnC TCCATCCCAC AAGCAAACCA CAGTCACAGT GGTGAnACC 
IS AAACATAOX TACACGCTGT ACOTGCM ™ 
ATCAGGTCC AAGQCCCAG CTOTCACCG ATGGGGATCA TTGTGGCTGT 
GGTCACTGGG AHCaGTAG CGGCCAHGT TGCTGCTGTA GTGGCCTTGA 
TQAaGCAG GAAAAAGCGG AHTCAGGn TGTAGCTCa CCCGGTCCCT 



2151 nTGmTCA GTTTCCACn T 
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1 GCCTCCaCG GGCGCCCAGT GGTCCTGCCG CCTGGTCTCA CCTCGCaTG 
5 GTTCGTaGC aCTGCAGTG CGTCaCTGG GGCTGCTTQC TGACCCaGT 
101 CCATCCAGM CCACCCAQG CATGCAGAGA AAAACAGTAC aMTAAACA 

5 GTCAGTOaC TTCmGTGC O^XCAGGAC AGMAaOGT GAGTGACTQC 
20 ACAGAGHCA QGAAACGGA ATGCCTTCCT TGCGGTGAAA GCGAAHCCT 

251 AGACACQGG AACAGAGAGA CACACTGCCA CCAGCACAAA TACTGCGACC 
301 CCAACQAGG GOTCGGGTC CAGCAGAAGG GCACCTCAGA AACAGACACC 
351 AiaCCACa GTGAAGAAGG CTCGCACTGT ACGAGTGAGG CCTGTGAGAG 
401 CTGTGTCaG CACCGQCAT GQCGCCCGG CTTTGGGGTC AAGCAGAHG 
451 CTACAGGGGT HCTGATACC AiaCCGAGC CCTGCCCAGT CGGCHCnC 
501 TCCAATGTGT CATaGCTlT CGAAAAATGT CACCGTGGA CAAGCTGTGA 
551 GACCAAAGAC CTGGTTGTGC AAC/OiCAGGC ACAAACAAGA CTGATGHGT 
601 aGTGGTCCC CAGGATCGQC TGAGAGCCCT GGTGGTGATC CCCATCATCT 
651 TCGGGATCa GTHGCCATC CTCTTGGTGC TGGTCTTTAT CAAAAAGGTG 
701 GCCAAGAAGC CAACCAATAA GGCCCCCCAC CCCAAGCAGG AACCCCAGGA 
751 GATCAAirn CCCGACGATC TTCaCGaC CAACACTGCT GCTCCAGTGC 
801 AGGAGACTTT ACATGGATGC CAACCGGTCA CCCAGGAGGA TGGCAAAGAG 
851 AGTCGCATCT CAGTGCAGGA GAGACAGTGA GGCTGCACCC ACCCAGGAGT 
901 GTGGCCACGT GGGCAAACAG GCACnGGCC AGAGAGCCTG GTGCTGCTGC 
951 TGCAGGGGTG CAGGCAGAAG CGGQGAGCTA TGCCCAGTCA GTGCCAGCCC 

CTC 
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